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FOREWORD 

This  is  an  interim  report  covering  the  work  completed  under  Contract 
F44620-74-C-0080  for  the  period  1  May  1974  through  30  June  1975.  Publi¬ 
cation  of  this  report  does  not  constitute  Air  Force  approval  of  the  findings  or 
conclusions  contained  herein.  It  is  published  only  for  the  exchange  of  data 
and  stimulation  of  ideas. 


The  program  is  monitored  by  Capt.  L.  R.  Lawrence,  Jr.  ,  of  the  Air 
Force.  Mr.  G.  F.  Mangum  is  the  Project  Director  and  Dr.  M.  Miller  is 
the  Program  Manager. 


Project  Director 


CONTENTS 


ABSTRACT  iv 

INTRODUCTION  1 

STEADY -STATE  COMBUSTION  OF  NONMETALLIZED  2 

COMPOSITE  SOLID  PROPELLANT 

Development  of  Theory  2 

Modifications  to  BDP  Model  13 

Implementation  of  Polydisperse  BDP  Model  14 

T-BURNER  VENT  FLOW  STUDY  22 

ON  REDUCTION  OF  SOLID  ROCKET  DATA  WHEN  25 

THE  PRESSURE -TIME  IS  NON-NEUTRAL 

PUBLICATIONS  DERIVED  FROM  PROGRAM  30 

NOMENCLATURE  31 

REFERENCES  34 

APPENDIX  A  -  COMPUTER  PROGRAM 
APPENDIX  B  -  HYDRAULIC  ANALOGY 


11 


FIGURES 


_ Title _  Page 

Schematic  of  Propellant  Surface  4 

Schematic  of  Particle  Packing  7 

6  /D  versus  Cq  15 

Burning  Rate  as  a  Function  of  Oxidizer  16 

Ma  ss  F raction 

Burning  Rate  as  a  Function  of  Oxidizer  17 

Mass  Fraction 

Oxidizer  Size  Distribution  Function  19 

Burning  Rate  as  a  Function  of  Oxidizer  Size  20 

Monodisperse  Pseudo-Propellant  Mass  21 

Fraction  as  a  Function  of  Oxidizer  Particle 

Size 

Burning  Rate  as  a  Function  of  Pressure  for  2  3 

the  Pol/disperse  Propellant 


ABSTRACT 


Monodisperse  BDP  combustion  model  was  extended  to  nonmetallized  pro¬ 
pellants  with  mixed,  polydisperse  oxidizers  by  embedding  monodisperse  model  in 
statistical  framework  including  mixture  ratio  effects.  Basically,  polydisperse 
propellant  is  "disassembled  and  rearranged"  to  form  sequence  of  monodisperse 
pseudo-propellants  whose  rates  are  computed  via  monodisperse  model.  Re¬ 
assembly  provides  real  propellant's  burning  rate.  Approach  provides  informa¬ 
tion  pertaining  to  distribution  of  regression  rates  and  surface  structure  among 
different  size  ox.  particles.  Preliminary  results  suggest  that  significant  factor 
in  rate  increases  wrought  by  introduction  of  small  oxidizer  modes  is  mixture 
ratio  alterations  in  larger  modes. 

Hydraulic  T-burner  analog  was  constructed  and  employed  to  visualize 
vent  flow  phenomena.  Studies  showed  that  flow  enters  vent  with  axial  momen¬ 
tum  and  that  that  momentum  is  partially  transformed  to  vent  into  Karman  vor¬ 
tex  sheet.  Fact  that  flow  enters  vent  with  axial  momentum  invalidates  boundary 
condition  of  Culick  analysis  for  flow  turning  gain;  "correct"  boundary  condition 
leads  to  null  vent  gain.  Experimental  facts  consistent  with  proof  that  in  formal 
one-dimensional  flow  vent  gain  violates  second  law  of  thermodynamics. 

Logical  and  consistent  way  to  reduce  solid  rocket  data  when  pressure¬ 
time  history  is  not  neutral  was  derived.  Since  current  techniques  are  not  self- 
consistent  in  this  situation,  these  results  open  door  to  reclamation  of  perform¬ 
ance  data  heretofore  rejected. 


IV 


INTRODUCTION 


Since  1972  when  Culick(^)  first  found  that  formal  analysis  of  the  linear¬ 
ized,  one-dimensional  equations  of  change  led  to  acoustic/mean  flow  interactions 
(A/MFI),  the  rather  surprising  flow  turning  gain  associated  with  a  T-burner's 
vent  has  been  regarded  skeptically.  The  situation  was  not  improved  by  the 
appearance  of  another  "theory"  predicting  different  A/MFI^^^  and  indecisive  re¬ 
sults  obtained  from  T-burner  tests  aimed  at  evaluating  A/MFI.  The  situation 
in  1973*  is  described  in  some  detail  by  Shoner(^). 

It  is  not  surprising  that  Culick's  one-dimensional  results  conflict  with  re¬ 
sults  stemming  from  the  theory  developed  by  McClure,  Hart,  and  Cantrell(^)  in 
an  area  where  mixing  and  viscous  effects  are  important.  Culick's  theory  implic¬ 
itly  includes  mixing  while  MHC's  theory  explicitly  (through  the  inviscid  media 
assumption)  disallows  mixing.  Clearly,  what  is  required  is  qualitative  knowl¬ 
edge  of  the  flow  phenomena  so  that  "intelligent"  modeling  of  A/MFI  can  be  accom' 
plished.  A  cost  effective  approach  to  obtaining  qualitative  information  about 
multi-dimensional  nonsteady  flows  is  to  employ  the  hydraulic  analogy.  Accord¬ 
ingly,  a  proposal  was  prepared  and  submitted  to  AFOSR  with  the  expressed  pur¬ 
pose  of  examining  the  vent  region  flow  in  a  T-burner  with  the  hydraulic  analogy. 

Since  1970  steady- state  composite  propellant  combustion  modeling  has 
been  dominated  by  the  Beckstead,  Derr,  Price  (BDP)  model^^).  Although  the 
basic  model  applied  solely  to  additive-free  propellant  with  spherical,  mono- 
disperse  oxidizer,  Cohen,  Derr,  and  Price'^^  extended  the  model  to  propellants 
with  aluminum  and  bimodal  oxidizer.  Sammons^®)  subsequently  extended  the 
model  to  propellants  with  polydisperse  oxidizer. 

Since  composite  solid  propellant  is  a  random  packing  of  solid  particles 
filled  with  binder  and  the  deflagration  wave  traverses  the  solid,  the  burning  sur¬ 
face  must  also  possess  random  structure.  Because  of  the  discrete  particulate 
nature  and  random  structure  of  the  burning  surface,  a  classical  steady  state 
where  state  variables  are  invariant  in  time  cannot  exist;  at  any  fixed  time  spa¬ 
tial  variations  of  state  variables  are  random  to  some  length  scale;  at  any  fixed 
position  relative  to  the  burning  surface  the  state  variables  are  random  in  time 
to  some  time  scale.  Consequently,  steady-state  combustion  can  only  mean  that 
statictical  means  are  stationary  in  time. 

In  the  monodisperse  BDP  model  the  random,  nonsteady  phenomena  at  the 
burning  surface  is  "averaged"  into  a  mean  state  in  a  particle's  life.  Treating  this 
state  as  quasi-steady  and  applying  mass  and  energy  conservation,  kinetics  prin¬ 
ciples,  etc,,  an  implicit  "relation"  for  burning  rate  is  obtained.  No  derivation 
has  been  given  for  the  averaging  procedure.  Cohen,  Derr,  and  Price(7)  extended 
the  model  to  bi-modal  distributions  by  assuming  ajl  particle  sizes  burn  at  the 


=''The  situation  in  1974  was  not  greatly  changed;  see  discussion  in  Reference  4, 
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same  rate.  This  seems  highly  improbable.  On  the  other  hand,  Sammons^®)  ex¬ 
tended  the  model  to  polydispersions  by  apparently  assuming  that  the  polydisper¬ 
sion  could  be  averaged  into  a  single  particle.  No  derivation  was  given  for  this 
averaging  procedure. 

In  1973  Glick(^^(^®^  advanced  a  statistical  combustion  modeling  formal¬ 
ism  that  applied  to  polydisperse  situations  and  eliminated  the  aforementioned 
approximations.  Consequently,  a  proposal  was  prepared  and  submitted  to 
AFOSR  with  the  expressed  purpose  of  embedding  the  basic  BDP  combustion 
model  in  this  statistical  formalism. 

These  separate  proposals  were  ultimately  combined  into  a  single  program 
with  the  following  objectives: 

•  Construct  a  hydraulic  analogue  of  a  T-burner  utilizing 
a  water  table. 

•  Investigate  the  flow  pr.ttern  in  the  vent  region  of  the 
T-burner  analogue  to  determine  whether  or  not 
acoustic  energy  is  convected  out  the  vent. 

•  Compare  the  experimental  results  in  qualitative 
fashion  with  the  predictions  of  present  T-burner 
theories. 

•  Adapt  the  Beckstead,  Derr,  Price  combustion  model 
as  modified  by  Sammons  to  the  contractor's  statistical 
combustion  model.  Investigate  the  properties  of  the 
resulting  model  as  it  pertains  to  propellants  with 
polydispersions  of  spherical,  mixed  oxidizers. 

This  program  was  monitored,  in  the  best  sense  of  the  word,  by  Capt.  L.  R, 
Lawrence,  Jr,  This  report  describes  in  detail  the  work  that  was  accomplished 
under  this  program. 


STEADY- STATE  COMBUSTION  OF 
NONMETALLIZED  COMPOSITE  SOLID  PROPELLANT 


Development  of  Theory 

The  most  obvious  feature  of  composite  solid  propellants  is  their  hetero¬ 
geneous  structure.  Since  high  specific  impulse  is  desirable  for  propulsion  sys¬ 
tems,  total  solids  content  is  generally  as  large  as  possible.  Since  composite 
propellant  is  essentially  a  packing  of  solid  particles  filled  with  binder,  high 
total  solids  content  demands  a  dense  packing.  To  achieve  a  dense  packing,  the 
particles  must  be  polydisperse  with  a  broad  range  of  particle  sizes  so  that  the 
smaller  particles  can  fill  the  voids  in  the  packing  of  the  larger  particles.  There¬ 
fore,  virtually  all  practical  propellants  are  polydisperse.  In  the  past  ammonium 
perchlorate  (AP)  was  the  preferred  oxidizer  specie.  Consequently,  propellants 
with  mixed  oxidizers  were  rare.  However,  recent  emphasis  on  reduced  visual 
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signature  has  aroused  interest  in  oxidizers  other  than  AP  and  propellants  with 
non-AP  oxidizer,  mixtures  of  non-AP  oxidizers,  and  AP  and  non-AP  mixtures 
are  being  explored.  Therefore,  realistic  combustion  modeling  must  consider, 
in  the  least,  propellants  with  mixed,  polydisperse  oxidizers. 

Composite  propellants  are  created  by  mixing  their  several  ingredients 
together.  Therefore,  a  randomly  packed,  particulate  structure  is  expected 
above  some  length  scale.  Since  the  deflagrating  surface  transverses  the  solid, 
the  arrangement/ structure  of  oxidizer  particles  on  the  burning  surface  must 
also  be  random  above  some  length  scale.  Because  of  this  randomness  and  the 
discontinuous  chemistry  wrought  by  heterogeneity,  composite  propellant  com¬ 
bustion  is  never  steady- state  in  the  sense  that  state  variables  are  invariant  in 
time;  at  any  time  state  variables  are  spatially  random  above  some  length  scale; 
at  any  fixed  position  relative  to  the  mean  burning  surface  state  variables  vary 
randomly  in  time  above  some  time  scale.  Consequently,  analysis  of  "steady- 
state"  combustion  must  be  directed  toward  the  determination  of  state  variable 
means  and  distributions. 


Consider  now  a  large,  quasi- planar  deflagrating  surface  of  composite 
solid  propellant  (see  Figure  1).  Application  of  mass  conservation  to  the  control 
•i  irface  yields 
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Consequently, 


(2) 


Applying  the  mean  value  theorem  for  integrals  to  the  LHS  of  Eq.  (1)  yields 


rr . 


^  m"dS/S  =  r 


(3) 


The  surface  Sjj  may  be  visualized  as  a  jigsaw  puzzle-like  arrangement  of 
oxidizer  particle/fuel  surface  pairs.  For  composite  propellant  with  polydisperse, 
mixed  oxidizers,  some  of  these  oxidizer  particle/fuel  surface  pairs  will  have  the 
same  particle  diameter  and  specie.  Therefore,  rearrange  the  oxidizer  particle/ 
fuel  surface  pairs  so  that  those  with  common  particle  diameters  and  species  are 
neighbors.  This  rearrangement  creates  a  sequence  of  monodisperse  propellant 
subsurfaces.  If  it  is  assumed  that  combustion  of  all  oxidizer  particle /fuel  sur¬ 
face  pairs  are  independent,  the  deflagration  rate  of  any  monodisperse  subsurface 
can  be  computed  by  application  of  any  monodisperse  combustion  (BDP  for  ex¬ 
ample)  model.  Consequently,  proper  summation  of  these  subsurface  rates  should 
yield  the  burning  rate  of  composite  propellant  with  mixed,  polydisperse  oxidizer. 
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To  accomplish  this  approach  rearrange  the  burning  surface's  oxidizer 
particle /fuel  surface  pairs  into  Q  monodisperse  subsurfaces.  Then  Eq,  (3) 
becomes 
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The  term  m  AS  .  is  the  mass  flow  of  products  from  the  monodisperse 
d,k  b,d,  k 


subsurface  ASj^  j  Therefore, 


rn,  ,  AS.  ,  ,  =  m  j  ,  AS  ,  , 

d,k  b.d.k  p,d,k  p,d,k 


(4) 


where  A S^  j  is  the  portion  of  S|j  occupied  by  and  mj  ^  mass  flux  from 

oxidizer  particle/fuel  surface  pairs  possessing  oxidizer  particles  with  D  ^ 

D  +  AD  and  specie  k.  Application  of  the  mean  value  theorem  for  integrals 
to  the  RHS  of  Eq.  (4)  yields 


(5) 


(6) 


1 1 

where  ^  i®  mean  mass  flux  (based  on  planar  area)  from  the  monodisperse 

P,  d,  k 

subsurface  AS,  .  ,  and  AS  ,  ,  is  the  projection  of  AS,  ,  ,  on  S  . 

b.d.k  P,d,k  b.d.k  p 

If  A  N  ,  ,  is  the  number  of  oxidizer  particles  on  S  withD  ^  D  <  D  =  AD 

P.d.k  p 

and  specie  k  per  unit  area  of  S^, 


AS  ,  .  /S  *  AS  ,  ,  AN  ,  , 

p.d.k  p  P.d.k  p,d,k 


(7) 


where  A  Sp  is  the  average  planar  surface  for  an  oxidizer  particle /fuel  surface 
pair  possessing  oxidizer  particles  with  D.  ^  D.  SD^  +  AD  and  specie  k. 

Define  a  distribution  function  F  ,  ,  such  that 

P,d,k 


AN  ,  ,  =  NF  ,  ,  AD 

p.d.k  p.d.k 


(8) 
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Then  combining  Eqs.  (5)  -  (8)  yields 


rn  =  N 
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s  Q  _i. 
r  (  r  m 

k  S  1  i  =  1 


j  ,  AS  ,  ,  F  ,  ,  AD) 
P,d,k  p,d,k 


(9) 


Passing  to  the  limit  of  the  sum  on  i  as  Q  -*»  yields 


m  =Nr  pm,  AS,  ,  F  .  dD  ■  r  o 

‘  k  =  l  D  P.'*-''  ‘ 


(10) 


Equation  (10)  is  a  statistical  formalism  that  enables  the  mean  burning  rate  of 
propellant  with  n^jLxed,  polydisperse  oxidizers  to  be  computed  from  the  mean 
burning  rates  (nip  “  ^d  kPt.^.k)  of  the  sequence  of  monodisperse 

psuedo-propellants  that  "compose"  it  IF  THE  COMBUSTION  OF  EACH 
OXIDIZER  PARTICLE/FUEL  SURFACE  PAIR  IS  INDEPENDENT.  This 
approach  permits  consideration  of  mixed  oxidizers  and  avoids  the  require¬ 
ment  that  a  single  particle  be  selected  to  represent  a  polydispersion. 

Since  a  polydispersion  is  represented  ^a  polydispersion,  information 
concerning  the  variation  of  surface  geometry,  temperature,  regression 
rate,  etc.  can  also  be  computed. 

The  next  step  is  to  investigate  the  statistical  characteristics  of  the 
burning  surfav..  e  and  thereby  relate  ASp  ^  and  the  properties  of 

the  monodispe'--’ e  psuedo-propellants  to  propellant  formulation  variables . 
Assuming  that  t..e  statistical  characteristics  of  the  random  packing  are  homo¬ 
geneous  and  isotropic,  the  statistical  characteristics  of  surface  Sp  can  be 
explored  within  the  propellant.  Figure  2  illustrates  a  random  polydisperse 
packing  schematically.  Clearly,  particles  with  D  SD  <  D  +  dD  must  lie  within 
z  =  ±  D/2  to  intersect  plane  S.  Therefore,  if  dNy  d  is  the  number  of  particles 
per  unit  volume  with  D  ^D  +  dD,  the  number  of  these  particles  that  intersect 
S  per  unit  area  of  S  is 


dN  ^  =  dN  ^  D 
p,  d  v,d 


(11) 


The  volume  fraction  of  spherical  particles  with  diameter  D  is 


d  r  =  {TrD^/6)dN  ^ 

u  v.  d 


(12) 
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Therefore, 


dN  ,  =  (6 /it D^)  dr 
p,  d  d 


(13) 


If  the  number  fraction  of  particles  with  D  ^ D  i  D  +  dD  and  species  k  in  the 

propellant  is  TJ  ,  the  number  of  these  particles  per  unit  area  of  S  is 
k 


(6  /tt 


D^)dC 


d,k 


(14) 


Now  move  the  plane  a  distance  A  z.  The  volume  of  oxidizer  particles 
with  D  SD  <D  +  dD  in  the  swept  volume  is 

d  -  d  C  j  S  Az  (15) 

d  d 

He  .  ever,  the  statistical  characteristics  are  homogeneous  and  isotropic, 

li.erefore,  this  volume  is  also  swept  out  by  inters e_ctions  of  S  with  oxidizer 

particles  having  D  <D  ^  D  +  dD.  Since  dS  ,  *  (lT  Dj/4)  dN  ,, 

p,  a  d  p,  d 


d  V,  »  (ir  D^,/4)  dN  ,  Az 
d  d  p,  d 


(16) 


Combining  Eqs.  (13),  (15),  and  (16)  yields  the  mean  particle  intersection 
diameter 


D^  «  V  2/3*  D 


(17) 


Therefore,  the  average  oxidizer  particle  intersection  area  is 


AS 


o,d,k 
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(18) 


Note  that  T  ,  =  1.  Since  all  these  particles  have  same  diameter,  Tf 

d,  k 

k  =  1  also  a  volume  fraction. 
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It  is  important  to  note  that  Dj^,  dN^  ^  and  dN  are  functions  of  D 
alone.  This  means  that  statistical  characteristics  oi  the  monodisperse  cuts 
in  a  polydisperse  propellant  are  the  same  as  those  in  a  monodisperse  propel¬ 
lant.  In  short,  each  monodisperse  cut  behaves  as  if  it  alone  occupied  the 
propellant.  Notice  the  similarity  to  mixtures  of  perfect  gases. 

The  mean  statistical  characteristics  of  the  fuel  surface  in  each  mono¬ 
disperse  cut  of  oxidizer  fuel  surface  pairs  cannot  be  determined  exactly  because 
it  requires  a  statistical  determination  of  how  the  smaller  particles  pack  inside 
the  packing  of  larger  particles.  This  information  is  unavailable.  Therefore, 
approximations  must  be  introduced.  Examination  of  the  characteristics  of 
regular  geometric  packings  suggests  that  the  mean  volume  of  fi^l  associated 
with  a  particle  should  be  roughly  proportional  to  its  surface  or  ^  . 

However,  to  allow  for  some  variation  assume  ' 


C  D 


n 


(19) 


where  n  is  a  parameter  to  be  determined  experimentally.  Since  oxidizer 
volume  is  proportional  to  D^,  d  (0/F)/dD  <  0  when  n  _<  3.  Particle 

diameter  alone  is  important  in  a  packing.  Therefore, 

The  volum.r  fraction  of  fuel  associated  with  particles  having  D  S  D  s  D  +  dD  and 
species  k  is 


dV 


The  volume  fraction  of  fuel  in  the  real  propellant  is  1  -  ;  it  is  also  the 

integral  of  Eq.  (20)  over  all  particle  diameters.  Employing  this  fact  and 
Eqs.  (12)  and  (20)  yields  after  integrating  over  all  diameters 


c  =  [ff  (1  -  d 


(20) 


(21) 


With  both  particle  diameter  and  mean  volume  of  fuel  associated  with 
that  particle  diameter  "known"  the  volume  and  mass  fractions  and  the  density 
of  a  psuedo-propellant  formed  from  mono-diameter  and  specie  oxidizer 
particle/fuel  surface  pairs  can  be  computed.  The  volume  fraction  is 
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The  mass  fraction  is  Am  ,  ,  /(Am  ,  ,  +  Am,  ,  ,  )  so 

0,0, k  o,d,k  f,a,k 


"d,k  '  +6CPjD''-^(, 


(23) 


The  pseudo-propellant's  density  is 


Pd,k*  ^o,  k  ^d,k^^d,k 


(24) 


Since  C  =  S  j  ,  /S  ,  ,  *  AS  ,  /AS,  ,  ,  Eq.  (18)  becomes 

’d,k  o,d,k  p,d,k  o,d,k  h 


|25) 


The  mass  flux  in  Eq.  (10)  corresponds  to  the  mean  mass  flux  stemming  from 
combustion  of  psuedo-propellant.  Therefore, 


m 


P,d,k 


—  •!« 
m 


d.k 


_Jf  if 

r  P 

d,k''d,k 


(26) 


The  only  tasks  remaining  are  to  relate  F  ,  ,  and  d  C  .to  the  indepen- 

p, d, K  d, K 

dent  propellant  formulation  variables  Of .  .  F  .  and  s.  The  volume 

fraction  of  oxidizer  specie  k  with  diameter  D  is  defined  as 


dr,  s  d  V  ,  ,  /V^ 
d,  k  o,  d,  k  t 


(27) 


Since  dV  =  dm  ,  ,  /p  ,  and  V  *  m_/p 

o,d,k  o,  d,k  o,k  t  T  t 


o,k  o,d,k  t  t  o,k 


(28) 
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c. 


However,  d.  k.  k,  j  ^""o.d.k  ‘^"'o.d.k.j 

Therefore, 


M, 


V  a,  .  F,  .  dD 


^^d,k“^'^t^^o,k^  .4i  ""kj  k,j 


Since  dV 


’  k^l 


dV 


o,d,k 


^'a  '  X, 


k>  ^k 


where 


F.  = 


jVi 


^k,3  %J 


M. 


O  n  IV. 

Since  C  *  V  /V  .  V  =  ^  )  V  ,  and  V  =  m  'p, 

o  t  o  ^4iy.l  o.k,j 


^  ,-.k 

i  y  > 

^  k^l  j'-s'l 


(O',  /P  1,) 

k,j  o,k 


M. 


Since 


(V/m^) 


■'.  v.=f  r 

kVl  j‘Sl 


V  +  V  ,  and  V  *  m/p  , 

o,k,j  f 


-1 


M. 


P.  =  iPf  + 

k  =  1  i  r  1 


-1 


^  'po.k‘  -  ''r'’  “k./ 


(29) 


(30) 


(31) 


•  (32) 


(33) 
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By  definition  NF  ,  ,  dD  ■  dN  ,  ,  .  Employing  Eq.  (14)itii 

•  Pj  Kj  Cj  Pj  iC 

seen  that  r$  t  r»  $ 


(34) 


Employing  this  result  and  Eqs,  (25)  and  (30),  Eq.  (10)  can  be  rewritten  as 


"  e  lie 

-  ^  _1 

■■'’l'  ""t  “  Ja/o,''  i  '‘k'*® 


(35) 


Therefore 


s.  -1 


'  %k  I  ^"^d,k  d,k^  ^k^^ 


(36) 


Eqs.  (21  -  24),  (31  -  33),  and  (36)  put  7  in  terms  of  real  propellant  data. 
Since  interest  is  focused  on  the  BDP  model  herein. 


_ "* 

^  d.k 


'"'bdp<°'  “U-  '’d*k''d,k' 


(37) 
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Modifications  to  BDP  Model 


» 


1 


I 

i  \ 


The  reason  for  polydisperse  propellants  is  high  total  solids.  Consequently, 
with  "real”  propellants  the  BDP  model  must  operate  in  the  Cq  ^  regime.  Un¬ 
fortunately,  examination  of  the  model(^)  shows  that  the  b  parameter  (mean  dis¬ 
tance  from  center  of  oxidizer  particle  to  center  of  binder  separating  particles) 
is  given  by 

b  =  D  r  1  +  V  3/2‘  (6/D)  1  /  sTP  (38) 


where 


1/3 

5  /D  =  [  ff/(6  Cq)  ] 


(39) 


Clearly,  as  approaches  unity,  both  5/D  and  b  must  approach  zero  with  the 
provisio  that  5 /D  >  0  and  b  >  0.  Examination  of  Eq.  (39)  shows  that  5/D  changes 
sign  at  fa  0,  785,  Consequently,  Eqs,  (38)  and  (39)  and  hence  the  BDP  model 
cannot  be  employed  for  propellants  with  ^  ^  0,  785.  This  represents  no  diffi¬ 

culty  for  monodisperse  propellants  because  packing  considerations  limit  Cq  to 
values  below  this  limit.  However,  this  is  a  very  real  difficulty  with  mono¬ 

disperse  psuedo-propellants. 


The  aforementioned  difficulty  occurs  because  the  fuel  surfac^of  an  ox¬ 
idizer  particle/fuel  surface  pair  is  assumed  to  be  annular  with  D.  =  D  and  D^^  = 
2b,  However,  in  reality  the  binder  surface  is  not  an  annulus  but  an  irregular 
quadrilateral.  Consequently,  this  assumption  "loses"  the  fuel  in  the  corners 
between  the  quadrilateral  and  the  "inscribed"  annulus.  The  simplest  way  to 
overcome  this  difficulty  is  to  assume  that  b  is  the  dimension  of  an  aimulus  pos¬ 
sessing  the  fuel  surface  associated  with  the  meain  oxidizer  p?  rticle/fuel  surface 
pair.  In  other  words,  b  is  defined  by 


IT  b 


2 


_  2 

TT  D  /4 


(40) 


The  fraction  of  pleuiar  surface  occupied  by  fuel  is  1  -  C  •  The  number  of  par¬ 
ticles/unit  planar  surface  is  given  by  Eq.  (13).  Therefore, 


A  =  (1  -  c^)  ttD^  /(6C^) 

(41) 

b  =  D/ V  6  C  ' 

0 

(42) 

-1/2 

6/D  =  (  C  -  1)  /  V6 

(43) 
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Examination  of  the  BDP  computer  program'  '  shows  that  the  FORTRAN 

expression  employed  for  ^/D  is  not  equivalent  to  Eq.  (39)  but  represents 

VD  =  [ir/(6C^)  ]  -  (2/3)^^^  (44) 

This  expression  is  positive  for  f ^  <  0.  961. 

Figure  3  compares  Eqs,  (39),  (43),  and  (44).  It  is  seen  that  Eq.  (43)  has 
correct  behavior  for  sa  1  and  agrees  well  with  Eq.  (39)  for  f  ^  sa  0. 

Numerical  tests  were  made  to  determine  the  effect  of  oxidizer  mass  frac¬ 
tion  on  burning  rate.  Tests  were  made  with  both  Eqs.  (38)  (44)  (denoted  as  BDP) 
and  (42)  (43)  (denoted  as  Mod.  BDP).  Figure  4  presents  results  when  D  =  1  /i  and 
p  =  932  psi.  It  is  clear  that  the  solutions  are  discontinuous  at  both  high  and  low 
mass  fractions  for  both  normal  and  modified  BDP  models.  For  oxidizer  mass 
fractions  greater  than  the  upper  discontinuity  point  and  less  than  the  lower  dis¬ 
continuity  point,  the  models  gave  negative  values  for  the  diffusion  flame  stand¬ 
off  distances  in  both  cases.  Consequently,  the  difficulty  appears  to  stem  from 
the  Burke- Schumann  solution.  Since  the  BDP  model  with  the  single  term  approx¬ 
imation  to  the  Burke- Schumann  solution  was  employed  herein  and  Sammons  mul¬ 
tiple  term  version  showed  no  evidence  of  discontinuities  at  a  mass  fraction  of 
0.  86,  this  defect  can  probably  be  remedied  by  employing  the  Sammons  ver¬ 
sion  of  the  BDP  model.  However,  we  did  not  have  this  version.  Consequently, 
another  remedy  was  sought.  Because  the  diffusion  flame  standoff  distances  in¬ 
creased  rapidly  to  very  large  values  when  the  discontinuities  were  approached 
from  the  other  direction,  a  negative  diffusion  flame  standoff  distance  was  re¬ 
placed  by  a  very  large  value  whenever  it  occurred.  This  gives  continuity  with 
intermediate  mass  fraction  results.  Figure  5  illustrates  rate  versus  mass 
fraction  results  with  this  modification. 

Calculations  at  D  =  100  jLt  and  p  =  932  psi  exhibited  behavior  similar  to  the 
aforementioned.  However,  as  will  be  observed  below,  the  aforementioned  re¬ 
sults  did  not  completely  eliminate  "discontinuous"  behavior. 

Implementation  of  Polydisperse  BDP  Model 

The  modified  monodisperse  BDP  combustion  model  was  extended  to  non- 
metallized  propellants  with  a  polydisperse  oxidizer  by  embedding  the  model  in 
the  previously  described  statistical  framework.  A  complete  listing  of  the  com¬ 
puter  program  and  a  description  of  its  use  with  a  sample  problem  is  provided  in 
Appendix  A. 

Since  parametric  studies  were  anticipated,  a  log  normal  distribution  of 
oxidizer  particle  size  was  assumed  for  each  mode. 
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Figure  4.  Burning  Rate  as  a  Function  of  Oxidizer  Mass  Fraction 
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(45) 


fI7 


where 


exp  f  -  —  ( 


X  -  m 


■)^] 


X  =  In  D 
m  =  Im  D 

m 

cr  =  ]  n  cr  * 

This  assumption  is  reasonably  realistic  and  permits  each  mode  to  be  charac¬ 
terized  with  minimum  input  information,  thereby  assisting  parametric  studies 
of  particle  size  effects.  Thus,  in  addition  to  the  standard  BDP  input  param¬ 
eters,  the  number  of  modes,  the  weight  mean  diameter  and  standard  deviation 
of  diameter  for  each  mode  and  the  mass  fraction  of  each  mode  relative  to  the 
total  mass  of  oxidizer  are  needed  to  characterize  the  polydisperse  oxidizer 
size  distributions  in  the  computer  program. 

The  initial  test  of  the  computer  program  was  made  with  a  polydisperse 
bimodal  AP  propellant.  Oxidizer  size  distribution  data  are  shown  in  Table  1. 
The  distributions  are  depicted  in  Fig.  6. 


TABLE  1 


Mass  Fraction 

D  fpj 

Mode 

of  Total  Propellant 

1 - 1 

1 _ 

b 

1 

0.  45 

16 

2.  0 

2 

0,  45 

200 

1.4 

The  computer  program  solves  for  the  mass  flux  associated  with  each  mono- 
disperse  psuedo- propellant  in  the  propellant  and  sums  these  fluxes  in  accord¬ 
ance  with  Eq.  (36)  to  determine  mean  propellant  burning  rate.  Figure  7  pre¬ 
sents  the  monodisperse  psuedo-propellant  burning  rates  as  a  function  of  particle 
size  for  several  values  of  n.  *  Figure  8  illustrates  how  oxidizer  mass  fraction 
varies  in  the  psuedo-propellant  family.  Viewing  Figures  7  and  8  together  shows 
the  following: 


=:'Recall  that  n  is  an  empirical  parameter  controlling  how  oxidizer  mass  fraction 
varies  in  the  psuedo-propellant  family. 
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Figure  6,  Oxidizer  Size  Distribution  Function 
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ction  of  Oxidizer  Size 


o  Rate  does  not  vary  with  particle  size  by  any  simple 
expression  reminiscent  of  the  GDF  relationship.  ( 

o  The  way  fuel  is  apportioned  among  the  psuedo-propel- 
lants  (n)  has  an  enormous  effect  on  the  burning  rates 
of  the  smaller  particle  sizes. 

o  The  way  fuel  is  apportioned  among  the  psuedo-pro- 
pellants  (n)  has  little  effect  on  the  burning  rates  of 
the  larger  particle  sizes. 

The  fact  that  a  simple  r  oc  D  ^  relationship  is  not  evident  suggests  that  smaller 
particles  do  not  necessarily  augment  burning  rate  by  any  intrinsically  higher 
rate  mechanism.  Rather,  they  appear  to  partially  augment  rate  by  leaning  the 
mixture  ratio  of  the  larger  particles. 

Figure  9  presents  the  burning  rate  of  the  initial  case  propellant  versus 
pressure.  A  reasonable  exponent  is  predicted  and,  somewhat  surprisingly,  the 
results  are  not  strongly  dependent  upon  the  value  of  n. 


T-BURNER  VENT  FLOW  STUDY 

Culick^ has  shown,  through  analysis  of  the  one-dimensional  equa¬ 
tions  of  change  that  a  mean  flow/acoustics  surface  interactions  term  arises 
naturally  in  stability  analyses.  For  regions  where  dp/dz  0  this  term  repre¬ 
sents  a  loss  of  acoustic  energy  when  there  is  mass  addition  and  a  gain  of  acou¬ 
stic  energy  when  there  is  mass  subtraction.  The  latter  has  led  to  speculation 
that  the  vent  of  a  T-burner  yields  a  gain  of  acoustic  energy  for  waves  in  the 
burner. 

However,  Culicki^^)  demonstrates  that  the  adiabatic  process  leading  to 
a  mean  flow/acoustic  surface  interaction  loss  dissipates  acoustic  energy  into 
heat.  Since  acoustic  energy  is  completely  available  energy,  available  energy 
is  degraded  into  heat  by  this  process.  Therefore,  this  process  is  thermo¬ 
dynamically  irreversible.  Consequently,  the  reverse  process  -  the  mean  flow/ 
acoustics  surface  interaction  gain  -  is  thermodynamically  impossible. 

This  result  is  almost  as  surprising  as  the  original  mean  flow/acoustics 
surface  interaction  gain  because  it  contradicts  results  that  arise  solely  from 
the  equations  of  change.  However,  the  equations  of  change  do  not  suffice  to 
define  reality  because  a  second  law  of  thermodynamics  exists.  Therefore,  a 
mean  flow /acoustics  surface  interaction  gain  process  must  be  a  second  law 
violator.  Reflection  shows  that  this  is  the  situation  because  formal  reversal 
of  the  mean  flow/acoustic s  surface  interaction  loss  implies  complete  conver¬ 
sion  of  heat  into  available  energy  in  an  adiabatic  process  -  a  phenomena  that 
is  disallowed  by  the  second  law  of  thermodynamics. 
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log  p  (psia) 

Burning  Rate  as  a  Function  of  Pressure  for  the  Polydisperse  Prop 


Why  does  this  result  oc  cur  and  what  is  the  correct  result  for  a  mean  flow/ 
acoustic  surface  interaction  when  there  is  mass  subtraction?  The  only  "arbitrary" 
assumption  in  Culick's  analysis  iS  that  mass  enters  and  l^'aves  with  zero  velocity. 

Is  this  assumption  "legitimate"?  Since  the  one-dimensional  equations  of  change 
must  be  valid  in  the  quasi- steady  limit,  is  this  assumption  "legitimate"  in  steady- 
flow"  Shapirof^^^  shows  that  it  is  legitimate  for  mass  addition  but  violates  the 
second  law  of  thermodynamics  for  n)ass  subtraction.  Moreover,  Shapiro  shows 
that  the  second  law  requires  that  mass  be  rejected  with  free  stream  conditions  in 
a  steady,  one-dimensional  flow.  Clearly,  the  mean  flow /acoustic  surface  inter¬ 
actions  gain  arises  from  this  improper  boundary  condition.  For  a  proper  one- 
dimenaional  analysis,  Culick's  equations  must  be  formulated  so  they  are  in  har¬ 
mony  with  these  quasi-steady  flow  constraints  because  this  is  the  limit  as  fre¬ 
quency  goes  to  zero,  Culick  has  also  solved  this  problem^  and  finds  in  this 
case  that  the  mean  flow/acoustic  surface  interactions  term  is  zero  when  there 
is  mass  subtraction.  Therefore,  a  properly  formulated  one-dimensional  analy¬ 
sis  shows  that  the  vent  is  neither  gain  nor  loss. 

It  is  important  to  note  that  this  "new"  result  is  in  harmony  with  physical 
results.  First,  atmospheric  T-burner  test  results  reported  by  Horton  and 
Coates^^^  demonstrate  conclusively  that  gases  at  the  vent  of  a  T-burner  possess 
axial  velocity.  Second,  hydraulic  analogy  tests  reported  by  Glick(17)  show  that 
in  a  T-burner  with  a  vent  pipe  the  gases  enter  the  vent  with  axial  momentum  and 
that  that  axial  momentum  is  transformed  in  the  vent  into  a  Karman  vortex  sheet. 
Third,  Culick(l®)  has  shown  that  a  flow  field  like  that  revealed  by  the  hydraulic 
analogy  studies  leads  to  a  veil*"  condition  that  is  neither  gain  nor  loss. 

In  summary,  theoretical  and  experimental  evidence  seems  to  be  converg¬ 
ing  on  a  null  vent  condition. 
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ON  REDUCTION  OF  SOLID  ROCKET  DATA  WHEN 
THE  PRESSURE-TIME  HISTORY  IS  NON- NEUTRAL 


Reducing  pressure-  and  thrust-time,  propellant  mass  and  web,  and  noz¬ 
zle  geometry  data  to  determine  mean  burning  rate,  mean  characteristic  velocity, 
delivered  (mean)  specific  impulse,  mean  pressure,  and  mean  nozzle  geometry  is 
reasonably  straightforward  with  neutral  pressure-time  histories  and  minimal 
nozzle  erosion  because  pressure  and  nozzle  geometry  are  unique  in  this  situation. 
However,  when  the  pressure-time  history  is  non-neutral,  pressure  (and  usually 
nozzle  geometry)  is  no  longer  unique  and  choosing  the  correct  mean  pressure  be¬ 
comes  a  problem.  It  is  important  to  note  that  functional  relationships  exist  be¬ 
tween  dependent  (r,  C*,  Igp)  and  independent  (p,  ^ ,  etc,  )  variables.  Indeed,  one 
purpose  of  performance  testing  is  to  determine  these  relationships  experimentally. 
Consequently,  when  means  of  dependent  variables  are  defined,  means  of  the  in¬ 
dependent  variables  must  be  derived  from  these  definitions.  In  other  words,  when 
the  independent  variables  (pressure,  etc,  )  vary  during  a  test  firing,  their  means 
cannot  be  arbitrarily  defined.  In  Ref.  19  constraints  are  placed  upon  independent 
variable  variations  during  a  test.  If  variations  exceed  constraints,  that  data  is 
unacceptable.  Although  this  approach  eliminates  non-neutral  independent  variable 
problems  and  yields  quality  performance  data,  it  is  not  cost  effective. 


The  objectives  of  this  work  are  twofold.  First,  to  derive  general  equa¬ 
tions  defining  consistent  independent  variable  means  when  motor  operation  is  in 
the  quasi-steady  regime  and  pressure  and  throat  area  are  the  independent  var¬ 
iables.  Second,  to  obtain  first  approximation  "solutions"  to  these  equations. 


Reference  19  defines  mean  burning  rate,  mean  characteristic  velocity,  * 
and  delivered  specific  impulse  as 


C  * 


w/t 

b 

/.t  +  t 

r  I  a 

g  A^  p  dt/m^ 


I 

sp. 


d 


‘‘l  ‘a 


F  d  t/m 


(46) 


(47) 


(48) 


=;=Eq,  (47)  is  a  generalization  of  the  more  commonly  employed  C^- 


+  t 

a 

dt/m. 


g  A 


t 
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The  mean  independent  variables  are  defined  as* 


P 


t 


r  ‘ 

/  p  dt/t^ 


(49) 


A 

t 


A.  (t. 


+  t  ) 
a 


+  (0) 


1 


/2 


(50) 


Since  functionals  r  (p),  C*  (p),  and  I^p  (p,  c  )  are  presumed  to  exist, 
consistent  means  for  p  and  (  require  that 

r  =  r  (P^)  (52a) 


—  A 

c 


5l«  — 

C  (p^) 


(52b) 


I 

SP, 


d 


sp  1 


(52c) 


where  pj. ,  p^,  and  pj  are  mean  pressures  for  burning  rate,  characteristic 

velocity,  and  specific  impulse,  respectively  and  7  i  i®  mean  expansion  ratio 

for  specific  impulses.  Since  Eq.  (46)  can  be  written  as 

w  =  j  r  (p)  dt, 

o 


*For  non-neutral  pressure-time  histories.  Reference 
averaged  pressure  ,*t^  /  i*t^  +t 

pressure  p^,.  _ 


m 


dt/  /p ; 


t. 


19  suggests  that  the  mass 
replace  the  time  averaged 
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r  (P 


‘i*'b 

j.)  =  j  ^  (P) 


r  (p)  dt  /  t, 


(53) 


I  a 


t.  +  t 
I  a 


I  dm.  m  =  I  m  dt 

sp  J  * 

'i 

Therefore,  Eqs.  (47)  and  (48)  can  be  rewritten  as 

tr  +  t  t  +  t 

la  la 

*  -  r  /  Cr  AT 

^  "J  \P  ^yj  (p)j  dt 


and  m  = 


p  g  /C  . 


(54) 


I  a 


^sp  'Pi-  'i' 


=  Sj  [  Ijp  (P.  f  )  Aj  p/C*  (p)]  dt 


(55) 


Equation  (55)  does  not  specify  p^  and  Cj  uniquely.  Therefore,  it  is  necessary 
to  introduce  an  arbitrary  definition.  Since  specific  impulse  and  characteristic 
velocity  are  both  thermodynamic  parameters,  it  is  logical  that  both  should 
possess  the  same  mean  pressure.  Consequently,  assume 


P  =  Pi  =  Pc 


(56) 


Examination  of  Eqs.  (53  -  55)  shows  the  following:  (a)  they  are  implicit 
equations;  (b)  the  function  desired  must  be  known  to  determine  the  desired  mean; 
(c)  since  r,  C*,  and  I^p  are,  in  general,  neither  proportional  to  p  nor  independ¬ 
ent  of  p,  p  ^  p  4  Pjj^  4  Pt  for  non-neutral  pressure-time  histories;  and  (d) 
when  the  pressure-time  history  is  neutral,  p^  =  p  =  p^j^  =  p^.  Item  (b)  shows 
that  when  the  pressure-time  history  is  non-neutral  motor  test  data  cannot  be  re¬ 
duced  on  a  single  firing  basis.  If  the  dependent  variable  is  assumed  to  be  an  M 


*Thi8  shows  that  specific  impulse  is  a  mass  averaged  quantity.  Consequently, 
it  has  been  argued  that  p^  should  be  employed  with  1^^  ^  (21)^  e.  g. ,  pi  =  p  jn- 
Following  this  same  argument,  p^  =  p^.  " 
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parameter  function  of  the  indepenHent  variables,  at  least  M  tests  are  required 
and  data  for  the  M  firings  must  be  reduced  simultaneously.  Items  (c)  and  (d) 
show  tnat  although  the  CPIA  recommendations  are  exact  for  neutral  pressure¬ 
time  histories,  they  are  not  precisely  valid  for  non-neutral  pressure-time 
histories. 


First  aoDroximation  "solutions”  to  Eqs.  (53  -  56)  are  obtained  by  assum¬ 
ing  =  ap”,  c'''/C*  =  1  +  a  (p  -  p),  I  ,  =  1  +i8{p  -  p)  +fi{e  -7  ). 

n  p  S  p^  Q 

Then,  Eqs,  (53  -  56)  become* 


(j*p" 


1/n 


(57) 


■t  a  la 


p  dt 


(58) 


■  P*'®  ■'  ‘'e 


t  +  t  t  +  t 

la  la 

(1  +  a  p)  +  ^  dt  If  ^  P  dt 


(59) 


If  Aj  is  constant,  p  =  p^^  and  (  =  A^/A^.  Therefore,  the  CPIA  recommenda¬ 
tions  for  non-neutral  pressure-time  histories  are  valid  as  first  approximations, 

_  The  magnitude  of  the  errors  involved  with  employing  p^.  for  p  j.  T Eq,  (57)1 
and  p  r  Eq.  (58)1  can  be  readily  estimated.  Expanding  the  integrands  of  Eqs.  (57) 
and  (58)  in  a  Taylor's  series  about  p  =  gives 


p  =  ri  +  n  (Ap/p^)  +n  (n  -  1)  (Ap/p^)2/2!  +n(ii-l)  (n.2)  {Ap/p^‘^/ 


3  !  +  .  . 


1 


n 

pt 


^Equation  (57)  has  been  obtained  previously  by  Brock. 
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When  n  <  1,  this  series  has  alternating  sign.  Consequently,  when  convergent. 


p"  -  [  1  +  n  (^p/p^)  +  n  (n-1 )  (Ap/p^)^  /2!  1  p" 


(61) 


with  error  less  than  [n  (n- 1)  (n-2)  (A  p/p^ )  Substitution  of  Eq.  (61) 

into  Eq,  (57),  integrating,  and  applying  the  mean  value  theorem  for  integrals 
gives 


1  +  n  (n  -  1  ) 


^(^p/p^)^ 


il  /n 


/2 


(62) 


Substitution  of  Eq.  (61)  with  n  =  2  into  Eq.  (58),  assuming  is  constant,  inte 
grating,  and  applying  the  mean  value  theorem  for  integrals  gives 


p  =  {' 

Examination  of  Eqs.  (62)  and  (63)  shows  that  when  ^p/p  is  small,  p  j,  and  p 
agree  with  p^  to  first  order  accuracy.  However,  when  Ap/pt  is  sig¬ 

nificant  deviations  can  occur.  Calculations  presented  by  Brock^^^^  support 
this. 


In  summary,  this  work  has  shown  that  consistent  reduction  of  motor  test 
data  when  the  pressure-time  history  is  non-neutral  falls  outside  conventional 
procedure.  As  long  as  deviations  from  neutrality  are  small,  errors  relative  to 
established  procedure  are  small.  However,  when  deviations  become  large,  sig¬ 
nificant  errors  can  result.  This  work  has  assumed  that  motor  operations  falls  in 
the  quasi-steady  regime  and  that  pressure  and  throat  area  are  the  only  indepen¬ 
dent  variables.  However,  burning  rate  depends  on  flow  over  the  burning  surface 
and  the  thermodynamic  parameters  depend  at  least  upon  stay  time  and  nozzle 
geometry.  Therefore,  what  has  been  presented  here  is  just  a  ripple  on  the  sur¬ 
face  of  the  basic  problem  of  extracting  all  possible  truth  from  available  data. 


FUTURE  PLANS 


Future  efforts  will  be  expended  in  four  directions: 

•  modification  of  the  BDP  combustion  model 

•  generation  and  implementation  of  propellant  burning  rate  computer 
codes 

•  consideration  of  transient  burning  phases  within  the  steady-state 
statistical  framework 

•  application  of  the  hydraulic  analogy  to  determine  mean  flow  effects 
on  mode  shape. 

In  the  first,  extension  of  the  model  to  include  spheriodal  particles  and  surface 
tension  effects  will  be  explored.  In  the  second,  computer  codes  for  predicting 
burning  rates  in  additive  free  propellants  will  be  developed.  In  the  third,  basic 
problems  in  statistical  combustion  mod.eling  will  be  explored.  Specifically, 
transient  effects  and  statistical  formulations  with  nonplanar  burning  surfaces 
will  be  pursued.  In  the  latter,  hydraulic  analogy  test  sequences  with  real  motor 
geometry  and  distributed  mass  addition  will  be  employed  to  assess  mode  shape 
deviations  wrought  by  mean  flow  effects.  This  will  be  accomplished  by  deter¬ 
mining  the  resonant  frequency  and  then  measuring  amplitude  and  phase  along  the 
motor  length  (light  absorption  technique).  Comparison  of  results  at  no  flow  with 
acoustic  approximation  results  "defines"  analogy  errors;  comparison  of  analogy 
results  at  various  port  Mach  numbers  "indicates"  mean  flow  errors. 
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2.  Hydraulic  Analogy  Study;  T-Burner  Vent  Gain/Loss,  CPIA  FHiblication 
No.  261,  Vol.  i,  1974,  pp.  491-498. 

3.  Comment  on  "The  Stability  of  One-Dimensional  Motions  in  a  Rocket 
Motor",  accepted  for  publication.  Combustion  Science  and  Technology, 
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NOMENCLATURE 


A 

e 

A, 

b 

C 

c" 

D 


I' 


g 

h 

I 

I 

sp 

I  , 
sp,  d 

m 

m 

II 

m 

n 

P 

Q 

r 

s 

S 


Latin  Symbols 

nozzle  exit  area 
nozzle  throat  area 
D  +  ^ 

constant  defined  by  Eq,  (19) 
characteristic  velocity 
diameter 

distribution  function 
gravitational  acceleration 
water  depth 
delivered  impulse 
specific  impulse 
delivered  specific  impulse 
mass 

mass  flow  rate 
mass  flux 

number  of  modes  associated  with  oxidizer  species 

exponent  defined  by  Eq.  (19) 

pressure 

number  of  subdivisions 
burning  rate 

number  of  oxidizer  species 
surface  area 
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time 


action  time 


burn  time 


time  when  p  first  becomes  0,  05 p^ 
velocity  component  in  x  direction 


velocity  component  in  y  direction 


volume 


propellant  web  or  velocity  component  in  z  direction 


X,  y,  z 


coordinates  in  inertial  reference  frame 


dm  .  ,  /  (m  .  ,  dD) 
o.j,  k  o,j,k 

distance  normal  to  S 

Greek  Symbols 
mass  oxidizer/mass  propellant 
volume  oxidizer/volume  propellant 

width  of  fuel  annulus  surrounding  mean  oxidizer  particle 
denotes  a  small  quantity 

fraction  of  oxidizer  particles  on  burning  surface  with 
D  <  D  <  D  +  dD  and  species  k 

nozzle  expansion  ratio 

standard  deviation  of  oxidizer  particle  size  distribution 


density 


Special  Symbols 


denotes  a  mean 


pertains  to  a  monodisper se,  psuedo- propellant 
denotes  a  fluctuating  term  such  that  (^)  =  0 


denotes  a  non-dimensional  quantity 
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Subscripts 


b 

d 

f 

g 

j 

k 

m 

o 

t 

P 

V 

w 


denotes  burning  surface 

denotes  oxidizer  particles  with  D  s  D  s  D  +  dD 
denotes  fuel 
denotes  gas 

denotes  oxidizer  mode  j 
denotes  oxidizer  species  k 

denotes  weight  mean  in  oxidizer  particle  size  distribution 

denotes  oxidizer  or  stagnation  condition 

denotes  time  mean  or  propellant 

denotes  planar  surface 

denotes  per  unit  volume 

denotes  water 
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appendix  a 


COMPUTER  PROGRAM 


COMPUTER  PROGRAM  DATA  INPUT  FORMAT 


CARD  1:  Control  Card 
NT  '/'SER  REQUIRED:  One  card  per  run 
i'i  >>_TION:  Specify  run  options 
FORMAT:  (216) 

Columns  1-6:  NJOB,  if  NJOB  =  1  read 

propellant  parameters,  if  NOB  =  2  read  namelist  data 
Columns  7-12:  IPLOT,  IPLOT  =  2,  (Plotting  routine 
presently  deleted) 

CARD  2:  Title  Card 

NUMBER  REQUIRED:  One  card  per  run 
FUNCTION:  Identify  run  out  at 
FORMAT:  (20A4) 

Columns  2-80:  May  be  used  to  identify  run 

CARD  3:  Data  Card 

NUMBER  REQUIRED:  One  card  per  run 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  (6E12.  6) 

Columns  1-12:  TZERO,  initial  propellant  temperature,  deg  K 
Columns  13-24:  ALFA,  Oxidizer  mass  fraction 
Columns  25-36:  TF,  adiabatic  flame  temperature,  deg  K 


A-2 


Columns  37-48;  GMW,  molecular  weight  of  final  flame 
Columns  49-60:  XNUI,  stoichiometric  ratio  of  the  final  flame 
Columns  61-80:  not  used 

CARD  4:  Data  Card 

NUMBER  REQUIRED;  One  card  per  run 
FUNCTION;  Specify  propellant  parameters 
FORMAT;  (6E12.  6) 

Columns  1-12:  QFUEL,  heat  of  pyrolysis  of  the  fuel  binder,  cal/g 

3 

Columns  13-24:  RHOF,  density  of  fuel  binder,  g/cm 
Columns  25-36:  AF,  arrhenius  frequency  factor  of  fuel  binder, 
g/cm  -sec 

Columns  37-48:  EF,  activation  energy  of  the  fuel  binder,  cal/mole 
Columns  49-60;  XNUP,  primary  flame  stoichiometric  ratio 
Columns  61-72:  PMW,  primary  flame  molecular  weight 
Columns  73-80:  not  used 

CARD  5;  Data  Card 

NUMBER  REQUIRED:  One  card  per  run 
FUNCTION;  Specify  projjellant  parameters 
FORMAT:  (6E12.  6) 

Columns  1-12:  QL,  latent  heat  of  vaporization  of  the  oxidizer,  cal/g 

3 

Columns  13-24:  RHOX,  density  of  the  oxidizer,  g/cm 
Columns  25-36:  AOX,  arrhenius  frequency  factor  of  the  oxidizer 
g/cm  -sec 
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Columns  37-48:  EOX,  activation  energy  of  the  oxidizer  cal/mole 

Columns  49-60:  TAP,  temperature  of  the  AP  flame,  deg  K 

Columns  61-72:  AP,  AP=1  if  oxidizer  rate  constants  specified, 

AP  =  -1  or  0  if  oxidizer  rate  constant  to  be  calctilated  by 

,  2 

program.  If  -1,  mass  flux  of  oxidizer  taken  as  1.9  g/cm  -sec 

in  rate  constant  calculation.  If  0,  mass  flux  of  oxidizer  taken 
2 

as  1.  66  g/cm  -sec  in  rate  constant  calculation. 

Columns  73-80:  not  used 

CARD  6:  Data  Card 

NUMBER  REQUIRED:  One  card  per  run 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  (6E12.  6) 

Columns  1-12:  CIGN,  oxidizer  ignition  delay  parameter,  sec(atm)^ 

•  n4'] 

cm  where  m=POWIGN  and  n=POWD 
Columns  13-24:  POWIGN,  pressure  exponent  in  oxidizer  particle 
ignition  particle  ignition  delay  term 

Columns  25-36:  POWD,  diameter  exponent  in  oxidizer  particle  ignition 
delay  term 

Columns  37-48:  PSTART,  pressure  to  start  incremental  calcu¬ 
lations,  atm 

Columns  49-60:  PSTOP,  pressure  to  stop  incremental  calculations,  atm 
Columns  60-72:  CONF,  CONF=0  if  parabolic  flame  assumed,  CONF=l 
if  conical  flame  assumed 
Columns  73-80:  not  used 
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CARD  7;  Data  Card 


NUMBER  REQUIRED:  One  card  per  run 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  (6E12.  6) 

/  3 

Columns  1-12:  KPF,  rate  constant  of  primary  flame,  g/cm -sec-atm) 

Columns  13-24:  KAPl,  rate  constant  of  AP  flame  at  low  pressure, 

3 

g/(cm  -sec-atm) 

Columns  25-36;  KAP2,  rate  constant  of  AP  flame  at  high  pressure, 

/  3 

g/cm  -sec-atm) 

Columns  37-48;  XNl,  reaction  order  of  primary  flame 
Columns  49-60:  XN2,  reaction  order  of  AP  flame  at  low  pressure 
Columns  61-72:  XN3,  reaction  order  of  AP  flame  at  high  pressure 
Columns  72-80:  not  used 

CARD  8:  Data  Card 

NUMBER  REQUIRED:  One  card  per  run 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  (6E12.  6) 

Colunnns  1-12:  CSUBP,  average  heat  capacity  of  solids  and  gases, 
cal/g-°K 

Columns  13-24;  XLAMB,  average  thermal  conductivity  of  the  com- 

o 

bustion  gases,  cal/cm-sec-  K 

2 

Columns  25-36:  GAMMA,  diffusion  parameter,  cm  /sec 
Columns  37-48;  AFH,  flame  height  factor 
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Columns  49-60:  EPS,  exponent  for  diffusion  pressure  dependence 
Columns  61-72:  Y,  proportionality  constant  for  short  diffusion  flame 
Columns  72-80:  not  used 

CARD  9:  Data  Card 
NUMBER  REQUIRED:  One  per  run 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  (6E12.6) 

Columns  1-12:  BETA,  mass  fraction  of  metal 

3 

Columns  13-24:  RHOM,  density  of  metal,  g/cm 

Columns  25-36:  QM,  heat  release  of  metal  combustion,  cal/g 

Columns  37-80:  not  used 

CARD  10:  Data  Card 
NUMBER  REQUIRED:  One  per  case 
FUNCTION:  Specify  integration  parameters 
FORMAT:  (315,  3F10.5) 

Columns  1-5:  NMODES,  number  of  oxidizer  size  distribution  modes 
Columns  6-10:  NCOUNT,  number  of  intervals  in  the  numerical  inte¬ 
gration  of  total  propellant  mass  flux 
Columns  10-15:  NXCOUN,  number  of  intervals  in  the  numerical 
integration  for  the  proportionality  constaint  C  in  the  equation 
for  the  volume  of  fuel  associated  with  a  particle  in  a  polydis- 
perse  packing 
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Columns  16-25:  XN,  diameter  exponent  in  the  equation  for  the  volume 
of  fuel  associated  with  a  particle  in  a  polydisperse  packing. 

Columns  26-35:  DDO,  oxidizer  particle  size  increment  in  the  numerical 
integration  of  total  propellant  mass  flux. 

Columns  36-45:  XDDO,  oxidizer  particle  size  increment  in  the 
numerical  integration  for  the  proportionality  constant  C 

CARDS  10  to  11  +NMODES:  Data  Card 

NUMBER  REQUIRED:  One  per  oxidizer  mode  size,  per  case 
FUNCTION:  Specify  oxidizer  size  distribution  parameters 
FORMAT:  (3F10.  5) 

Columns  1-10:  SIGMA,  standard  deviation  of  oxidizer  size  distribution 
for  a  particular  mode 

Columns  11-20:  DEAR,  mean  oxidizer  crystal  size  for  a  particular 
mode,  microns 

Columns  21-30:  YI,  mass  fraction  of  oxidizer  in  a  particular  mode 
relative  to  the  total  mass  of  oxidizer. 

Columns  31-80:  not  used 

CARD  11  +NMODES:  Control  Card 
NUMBER  REQUIRED:  One  card  per  case 
FUNCTION:  Start  next  case  or  terminate  run 
FORMAT:  (14) 

Columns  (1-4):  NSTOP,  if  NSTOP  >  1  terminate  program,  if  NS  TOP 
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^  1  begin  next  case 


CARD  12  +  NMODES:  Data  Card 


NUMBER  REQUIRED:  One  card  per  additional  case 
FUNCTION:  Specify  propellant  parameters 
FORMAT:  NAMELIST/NAMl/ 

REMARKS:  Used  only  when  more  than  one  case  is  run. 

CARD  13  +  NMODES:  Data  Card 

NUMBER  REQUIRED:  One  card  per  additional  case 
FUNCTION:  See  Card  10 
FORMAT:  See  Card  10 

CARD  13  +  NMODES  to  (12+ NMODES  +  NMODES 

case  one  case  one  case  two 

Data  Ca  rd 

NUMBER  REQUIRED:  One  per  mode  in  case  two 
FUNCTION:  See  Cards  II  to  lO+NMODES 

case  one 

FORMAT:  See  Cards  11  to  lO+NMODES 

case  one 

CARD  13 +NMODES  +NMODES  ,  :  Control  Card 

case  one  case  two 

NUMBER  REQUIRED:  One  per  additional  case 
FUNCTION:  See  Card  11  + NMODES 

case  one 

FORMAT:  See  Card  11  +  NMODES 

case  one 
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COMPUTER  PROGRAM  LISTING 
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SAMPLE  CALCULATION 


A-9 


o  o  o 

O  o  P  o 
POOP 

O*  p  O'  o* 


p  p  p  o  o 
p  p  5  o  o 

p  p  p  ^  p 
P  ^  *0  P  <0 

p  ^  ^ 


a  s  iS 

s  s  s  s 

J  I  J  5 


•  pp  9!$^‘9 

S8S  SSS  S8S8 
»»■» 


O 

P  • 

V  o  • 

M  A.  •  N  •  p4 

I/)  ti<z&  a 

z  MQ^«>(kU.<  Z 


ft  • 

•  • 

o 

•  M  » 

Cft 

m 

4  ce  o  »  «4 

»  •  »x  lA 

X 

ft 

ft  o  .i  Z  ft 

a  ft  X  ft  3 

• 

p 

^  VI  ft  z  4 

4  4  Oft  Z 

ft 

p» 

o 

4  A  O  O  X 

p  oc  m  ft  X 

4 

O 

ft 

IT 

ft 

O 

lA 

ft 

» 

lA 

prt 

X 

J? 

»  o 

Q 


ft 

ft  ft  4 

ft 

«» 

ft 

p> 

ft 

•  4  A  Z 

O 

•  «>«  * 

4 

PP 

4 

X  ft  3  Z 

♦  ft 

Z  ft  m 

ft 

o 

O 

ft  ft  4^  4 

ft  VI  » 

^  mm  Z 

V) 

o 

4  O  U  O 

Z  ft  ft 

ft  ft  X 

X  ft 

ft 

=:  § 

Op  » 

PP  fe 


•  «* " 
»  VI  Z  <  K  I 

u.  Ul  O  H  Q  « 
«  tt  U&  z  < 


V)  Z  • 
.  •  lO  P  K 
.  lii  —  Q 
;  <  A  o  lii 


.  »  K  •  ft.  U. 

r  o  u.  o  ft* 

:  <  <  ui  X  ^ 


O  Z  2  OP  K 

•  ft  z  oo  z 

m  •  H  ••5 

e  ft  viPit  M  mm  c 

»N  WK  Z  «»**  U 

»Xw»  Z 

.pKN»tLf  «»  ft«  • 

>irsit .  8  88  2 

H  v>  V  >ri  op  n 

ft  X  N  X  • 

•  »  o  go  a 

*ft  K  ft  op  ft 

*  z^c  ft  oo  ft 

ft 

I/I  »ft*ft  ft  ^  m*  ft 

» a  » ft  M  ft  » 

iXftz»m  o 

rftKX«u»»p»m  » 

ft»ZftOftpO  o 
•iv>MOOftao  • 
ftH«)Z»4  »oo  *»«» 

mo 

•  UJ 

I  •  ff  o 

)ft  •  z  ft  C  H  H  X  u  *  *  ^  ^  o 

tgxaSr^  mcoHv><o 


88  2 

80  a 

p  ft 

o  O  ft 


80  o 

o  • 

*o  o  m-* 
*  •  f  mo 


r  ft  c  H  H  X  u  * 
l  33  PC 

jZC**ftZCO 


<<  ft  X  X  ft  O  ft  ^  X  X  O  X  X  P  ft 
N  N.  V  •••  ft 

Z  Z  ZZZZVtKi 

o  c  c  o  c  o  z 

Z  Z  ZZZZft^ 

z  z  ££Ei*-^ 

o  Q  aooo«-*ft 

U  U  WOftUOU 


0  0  3  3  0  • 

i/>  m  a  ft  z  o 

•  •  z  z  8  m 

O  O  M  M  O 

H  N  o  o  O  N 

•4  N  X  <  ft  V> 
ft  ft  W  UU  H 


ift  o  oopftpg* 
ft  oo  po  N  «z 

•  O  OOOftNX 
o 

«»  »  O  oo  Q  ft  ft  ft  « 

ft.  WO  OO  5  •NZ 

»  •  coocm^x* 

ft  m  oooomx** 

or  m  ♦m* 

p  «» 

M  p4  M  ftd0ft04«»( 

to  P  •«  ftftftftpM 
O  Oft  ftftftftftO 
oap  POzmmHmmxOl 

8Z  •  »ftftxxi^x  »«ftS 
xopozft  K 
o  «»  R  «i«ft  Xk 

p4*NftOUJ  RftftI 

ftftftOoftO  ftftZftp 
a  N  x«**  "".JoftftOftMfto 

«a8S8SS3S!SStti£S: 


m  • 
mo 

-  n 

4  •  m 

«  X  M 

W  P  f 

k  «•  •  B 


r  ft  «•  ft  •»! 

8  m  a  ft  4ft  •—  • 

o  #3  --w  mz  M 

4ft««%ft  mw*  tft 

4a»ozw  «>w» 
lOPft**  ftftftftft 
wm  p«ftXftft 

fOPZoPzi Z?Kft 
»ftft  &ft  ctmoo 

;3Si^38SSSS9S;S 


8898  8 

pit  ft  ftp 


m4ftBPO««mi*«4m4ftppo«4«%tmftB4ftorop«Nm4inBftB»  o*««Mm4p4fto* 

copop*-*^**  —  444444444 

OOOOOOOOeOOOOQOOOOOpOOOOpoOOOOpOOpo  oooopoooo 

oopooooooooooopoooooooooeoooooooooo  OOOOPOOOO 


A- 10 


I 


o 

s 


m 

m 

? 

s 


? 

8 


0041 

0042 

nil 

o  mM  A  ^ 

—  — 

O  O  p  o  o 
o  o  o  o  o 

0057 

006S 

0069 

0070 

0071 

0072 

0073 

0075 

0076 

0077 

0078 

0079 

H 

1551 

o  9 

J$JJ  J 

5 

9*  ^  »  9>  ^ 

^  <6  *6  0  0 

a  a  ^  ^ 
0  0  0  0  0 
0  0  0  0  0 

e 


IM  X  4 

N  B  <  » 

o  X  A. 


U.  *0. 

&U,  < 

« 


s 

X 

M 


^  • 

<tCO  mm* 

A.o«iaa 

^  I/I  uj  S  < 

4  O 


Ai  A.  K 

328 


O  ^ 
tc  1/1 
Ui  S 
M  X 
H  K 


■ 

ttl 


P 


a  A  « 

x2SS 


o 

(A 


O 

M 


Q  » 

SS2S 


?5 


lA 

H 


iA 

H  *N 

e* 


X 

«# 

A  O 

A  V»  — 

A 

M*  m 

X 

A  H  X 

X 

A  lA  —  • 

•  X  •{<<«» 

•  »  A 

A 

X  •  V»X  0 

K  A  A  O  ^ 

M  »  A  X 

o 

X 

A  A  O  A 

Q  V)  A  X  M 

S  % 

u 

A 

•  <  SO  A 

S  A  O  X  A 

K  X  (-  • 

2  - 


^2 


K 

S 


^X« 


u  «ui 

«•  « 

o  wr 

^ui  p 

S‘2 

^  MP 

•  P  wi/i 

#  o**  . 

*  «  -J 

*  «  Am 

«§5f 


A  •  » 

A  X  • 

U  •tA9  n 

N  ui  •*  a 

•  <  0  U  IM 

M  «V 

O  I 


rS 

^ . 


A  •>< 

83-0 

VI  «  X 
X*  g 

M  Ui  O 

o  «  u 


•  A 

its 


i9  A 

s 

O  ^  X 
A  O  A 


•  Q  UI  A 

ItSSS 

X  A  9ac 


8 

§ 

nn  0  — 


•  A  ♦- 

I<o 

U  W 

»A  •A 
•  A  ^ 

A  X  •« 

^  W«U  • 

A  •X 

«J  V)  M 

^  ^  lA 

>€  VM  M 
m  W 

m  »«i V  • 

JSSSf'o 

^  ^  X  o  »  • 
«  X  O  KM 
V  ^  N 

XX*-  — 

O  5  Q  ^  — 

X  K  X  M«i* 

gxx  w 

QP  A  < 
W  O  G  M  A 

M  m 


►MO 
I  «o  • 
>  •  o 


22 


M  .»  O 

♦  m 

M  ^  n 

w  w 

^  ^  3 

A  A  S 


0  ►• 

—  BC 

< 

#»  — 

—  VI 
A 

I 

n  — 
—  •>  K 
—  —  H 
H  P 


M  O 

»  — 
—  • 
M  A 

0  3 

\rsi 

H 

'O  N 

I 

—  M  A 
H  P 

-ts 


u 

A 

* 

A  — 

^,5-5 

P 

N  U  N  H 
A 

•-  A  -  A 


A 

fi 


O  - 
M  M 


X 

—  M 

0  0 

0 

r-<a9<o-4Nin4' 

o  o 

OOP 

o 

ooo  —  —  —  —  — 

X 

o  o 

OOP 

o 

oooooooo 

o 

o  e 

OOP 

o 

oooooooo 

4  —  M  —  —  nmmnmimmm 


A-ll 


0028  END  4«9  OOSO 


FORTRAN  IV  G  LEVEL  ?I  MAIN  DATE  «  7Si97  09/58/38  PAGE  0001 


« 

s 

9- 

i 


S 

9 


•  «  • 

POO 


•  lA  « 

»  m  m 

I  So 

^  »  9. 


0  »« fy  m  ^ 

«0 

P  P  *4  P  #<8 

0 

0  P  0  0  0 

0 

0  S  0  0  0 

p 

99999 

p 

9999^ 

p 

9  9  999 

9 

o 

o 

s 

9 


•  o 

8i<  ^ 

o  e 

a 


0 

ir\ 

• 

0 

» 

M 

ec 

•A  ry 

VI 

UI 

Z 

ry 

3  ^ 

P 

0 

Z  z 

u.  • 

blL  Ui 

.0 


3 

Z 


O 

u 

• 

rsj 

2 

H 


O 

U 


K 

♦ 

O 


o>e  o  e 


e  00  o 
999^ 


I  ^ 

o  « 

8 


» 

8 

p 

0 

1 

»  * 

• 

0 

0 

vt  »  ^  • 

0  H 

9 

0 

• 

♦ 

P 

<  Z  0  »  *4 

*  *  •  ft  ^ 

• 

mt 

0 

U.O  .iZ  z 

ft  ft  K  UJ  3 

p4 

90 

«» 

0 

•J  v»  UI  Z  P 

<  ft  0  M  Z 

ft 

ft 

«* 

0 

• 

p  0  0  3 

9  ft  V)  H  K 

ft 

K 

a 

1 

1 

g 

p4 

«> 

V) 

0 

0 

• 

0 

• 

»  «A 

•  «y 

Q 

ft  ft 

ft  «4 

ft 

«  z 

0  •  #4  • 

ft 

•  H  Z 

>- 

V)  ft 

^  VJ  •  0  •-  Z 

V) 

VJ  0 

Z  O'  ft  ft  K  K 

ft  ^ 

21 

o  • 
•  •< 


QZ 


UJ 

o 


9 

t4 


tL 

< 


3 

«/) 

U 


0 

• 

ft 

R"  ►- 

A>aO 

« 

«» 

Q 

• 

* 

9 

• 

M 

V»  H  • 

VI  V) 

3C 

0  0 

ft 

ft 

ft 

90 

►* 

0 

ft  V>  «4 

ft  ft- 

z  0 

N 

0  3 

9 

ft 

ft 

Z 

mt 

«■ 

ft 

•  M 

ft  ft  z 

ft  ft 

ft  • 

3 

tf>Z 

N 

0^ 

UJ 

^  V» 

ml 

• 

»ft 

•  ft  V  • 

•  UJ 

V  00 

Z 

•4  ft 

• 

ft 

ft 

N* 

Z  •v' 

z 

ft 

ftR- 

ft  Q  M 

•  ft  z 

ft  ft 

0 

ft 

N 

*4 

VI 

U  UJ 

0 

|AP 

c  V) 

ft  x-z 

ft  ft 

V  V 

Q  1 

•  ♦ 

1 

1 

•f 

»  ft  « 

Ui 

Z  ft 

0  ft  H  ft 

ft  H  • 

•4  ft 

0 

♦ 

ft 

R-  V»  V 

3  3 

•  4% 

V  0 

V 

00 

«» 

c 

UJ  ft  m 

z  z 

«4  00 

«» 

0 

•4 

0 

0 

—  Z 

•  •  ir 

ft  ft 

r2 

z 

e 

S9 

I 

e 

fi 

♦ 


i 

I 

t 


•c 

o 

l/> 


1 

• 

Z  •  Z  ft  0 

z 

09  «• 

«•  K 

• 

0  4* 

P 

•  9 

• 

0X0 

0 

ft  •  • 

0  ft  Z  4J  «J 

ft 

0«>A 

p4 

•  W 

* 

m  9 

• 

0  ft  ^ 

• 

ft  v>  Z  • 

•-  V)  •  ft  •  d 

• 

V»  VI 

fi  H 

0 

0  « 

0 

9  9 

9 

R»  ft  fy 

X 

ft  4  V>  p  ft 

z  •  p  •  *4  ft  M 

09 

ft  ft 

0  oc 

ft 

# 

0  *4 

fi 

N  ft  ly 

N 

t  *  * 

1 

^  «U  *■  0 

O  .j  X  ft  Z  •  m 

V 

ft  ft 

•  0 

ft 

p4  ft 

«  z 

t49 

ft 

Oft* 

ft 

•  ft  «  U  Ui 

ftpft^'ftftu  • 

N 

0^0j 

5i? 

2 

^  0 

p4 

44  1  w  1 

1 

CL 

r  « 

Ui  « 


^  •  Z  'i' 

<  I 
M  ' 


Ui  cc 
Z 


«  3  W 

#  o  — 

•  er  .1 
»  o  a. 

J5S 


r  • 


z  « 

ac  « 


•  K 

^  a 

<  < 

z 

o 


A  a  u 
■  O  A> 
t  Z 


i  o 

.  w 


12! 
a  o  I 


o 

r 

X 


«  • 
.  *  z  a. 

>  ><  a 
;  <  ^  z 

:  p~  HH 


UI 

-i  V  X 

155 

O 

O  K  UI 
Z  Z  z 


<  « 

I  I 

o< 


O  L>  O  g 

Qt  VI  OOA- 

<  <  ^  O  O  v» 

a  v^  •  •  O 


■ 

Z 


3  Z 

«  V  zo 

SS2V 

OC  O  ^  O 

o  ^  v> «» 
IP  e  • 


V 

o 

.8 


^  (M  («>  at  trt  •« 


cog 

iis£^2|i| 

uwwgZkXRC 


<N«o  a 

"  ■  o 


z  o  •# 

as!5S 

ou  w  « 


Ui  w  fvj 

V*  Z  • 

v»  < 

Ui 

•  N  N 
^  *«rg 

z  « 

«  Ui  3 

O  «  o 


►  T 

3 

>  O 

o 

A  O 

lij 


M  Ui  UI 


m4  O 

I  o 

9 

g'^ 

^  p4 

fU  O  I 

-r 

N  -A 
O  ■  fU 
^  •*  9 

_  «  z  # 

0-3- 


O  •  z  N  IL 

cy m  Ok  «»  L> 

«p 

w  w  Ui  w 

•  3  •  Z 

g&t^|§ 

^3  *  5  V) 

"*  ly  e  V)  fr  V)  u 

5n  00  o  x 

H  ■  3  •! 

o  O  i  «/)  R  Ui 
a  K  a  u  3 
<  <  tk  V  a 

aKaKU.«»ao 
MUipui  o  9 


f  UI  <y 

>•  z 

<  M  O 


O  O 
N  O 


St! 

o  ^ 


^  z  u 

*  0  * 

ft  u  p 
z  •  2 

44  ft 

0 

8 

z  e  p 

ft  • 

ft  0  p 

fy  ft  ft  0 

Id  0  • 

Z  ftO 

4 

•  N 

»  x  0 

•  (y  w 

R  ft 

R 

R 

N  R  ■ 

U  R 

z 

0  H 

p  m  ft 

u  u  w 

Z  ft  Ha 

ft  ft  ft 

S 

prf  O  N  o 

9  9  9  N 


A.12 


i  ! 


I 


o 

o 

o 


m*  o  O  p4^ 

OOOO  OOOQO  oo 


^  N  m  <#  <A ^  »«  M  <#  ir  10  K  «  e 

IT  lA  «A  tfMA  IT  «  ^  i0  4>  ^  lO  lO  «  f»> 

OOOOOOOOO  OOOQOOOOOO 


O'  <  (A  A*  « 

A»  O  O  O  O 

mN  N  N  N 

o  o  o  o  o 

(A  9  O'  O'  O' 

<0  lO  ^  4  ^ 

♦  ♦  # 


i^<AiOA*®0'0-*04 

f^lW^AlNA^AiAtffg 

ooooooooo 

o^^^O'^O'O'ao' 


•»  o  • 

M  «  »A<  • 

lA  Ui  Z  &  IL  •  A. 

Z  •IkU.^ 

«  QZi<a.OaL^ 


^  ^  rj  » 
3  CLZ 
Z  •  <o 
K  K  ^  Z 
O  df 


» 

a  »  a  a 

A-  •  •  ♦ 

O  X  X  A 

lA  •  M  •  C  A- 

C  X  a 

a 

X  «  o  •  •  •a  4A 

*x  a 

Z 

A- 

ao3aa  ao.xuj3 

a  * 

o 

3tAaa<  XoftOAtz 

a 

•  a  • 

^  u 

w* 

xaocx  oaiA^x 

« 

X  5  ► 

c 

tr> 

H 

•  Q  X 

a  «> 

A- 

* 

X  Z  • 

a  a 

X 

a  X  •  (A 

N  o  > 

M 

o 

• 

3  a  a 

a  ►- 

•  •  •  •  A4 

a 

X  •  Z  a’ 

X  z  V)  m  * 

U' 

a  a  X  &  pp 

a 

3  C 

z  a  z  «A 

3 

•  aff)a  o  •■Mft 

X 

•  9  u  • 

»a  X  a 

X 

iKpa  r\ 

K 

c  z 

pp  a  •  a 

c 

aaiAX  ov*!  •CmoZ 

(A 

a  •  •a 

3  •  X  Ap  • 

xcvC  sAaa^x 

X  p4 

a  z  (k  X 

2  a  a  Aj  » 

• 

•  a 

#g  a  c 

X  3  •^ZX 

o  z 

H  H  • 

z  a  o  X  a 

o  • 

a 

lA  a 

*  X  X  tA  a 

3 

• 

a 

•  At  a 

K  Z 

pp  3  •  X 

o  a  p  pZ  X 

3 

a  K 

4A  3  • 

•  X  • 

X  «>  * 

•  a 

3  z  o 

pp  Ul  X  C  X  z 

z 

z  z 

•<AZ  X 

X  A>  a 

U  Ap  At  • 

a  z 

•P  X  a 

«  p  c  z  z 

X 

«• 

a  a  o  ap 

o  AA  a 

z  pp  z  a 

a 

X  P 

*  a  p  a  O  p  X 

K 

• 

X  «  o  a 

a.  a  o 

5  A-  X  X 

3  • 

p  p  H  c 

3K  a  a  At  o 

(A 

X 

A- 

0.  <A  K 

c  a  «A  z 

H  X  p  a 

z 

z 

Q 

a 

OX 

O  a  a  X 

fp  p  K  p  X  P 

o 

c 

«•  Z 

•  • 

^  X 

p-  «  p  c  z  X  a 

u 

» 

• 

•  a  3 

z  •  PX 

a  a  a  «  o  Z 

p 

1  • 

z 

•  z 

axe 

a  Q 

C  •3U  pp  PX 

z 

a 

o  a 

•  • 

o 

a  z 

O  U  3 

pX  Z  P 

W'P'XX  PZPP3 

g 

3 

3 

**  •A 

(A  Z  • 

tA  pa 

z  •  a 

o  o  a 

afpxaxoa  x 

z 

3 

X 

Z  X 

•  iA  O  X 

z  • 

0*3 

a  a  «p 

O  p  a  c 

pp  pp  o  a  X 

a 

a 

a  f 

At  a  •>  c 

c  «< 

X  a  z  • 

m 

3  a  3 

pp  P  PX  X  p 

P 

•-  X  • 

a  9  o  a 

a  o 

a  H  X  X 

•  u  • 

a  o  piA 

(0»3C3tfp  a 

p 

fA 

O  ft 

•1^  At 

a  a  X  •  z 

-  z  Z  <J 

C  9  ^  aa  z  PC 

X 

fg  a 

o 

«p 

S» 

o 

3 

A* 

o 

tA 

pg 

V 

ft 

a 

pp 

AJ 

z 

z 

X  a 

-'  5 

X 

3  z 

-p  o 

ft 

a  X 

X  • 

ft 

3 

Cj  m 

o 

3  a 

X  O' 

o 

a 

V  N 

o 

S 

o 

> 

S  X 

K  1 

o 

p*z 

X 

3 

a  pp 

O  a 

a  a 

a  CD 

pp 

p*  3 

At 

D  O 
a  a 

O  ^ 

ft 

u  o 

ft 

a 

3  Pp 

O 

a  w 

U  3 

3 

3  3 

9 

X 

O 

z  z 

ft 

O 

O 

a  a 

O  ♦ 

Z 

o 

w  u 

*-  «t  •  O 

UJ  ^  f'*  • 

U^  or  0  K  •  K 

z  <  o  c 

-K  Ji  1  <  < 

^  M 

•  30  «  ®  Z 

•  3  «  •  *  O 

«  a  ^  0  3  z 

«  &.  0.  ^  <  z 

ft  3  z  lu  4U  C.. 

•  VI  B  a  a  u 


•  3  •  « 

>  a  u.  u.  •  z 

»  3  O  >  < 

o  a  z  <  3 

a  o  «  ^  K 


^  r  ttj  A-  n 

K  u  r  ^  •-  : 

»  UJ 

?  •  >  X  3  V  ' 

J  z  a  «  c  I 

5  X  -N.  o  X  » 

V  N*  ' 

z  z  z  z  z  : 

c  o  S'  c  c  < 

s  r  a  z  a. : 

X  z  s  z  a. : 

So  c  c  c ( 

o  o  u  w  t 


to  »oa3o 

M  •  Z3^*'4a3«»a(Aii; 

•  ZrA  Z«»k090Xu® 

J  c  z  • 

J  &  X  V  ^  A  <»  «•«•«»«»  •» 

5  -V  M  O  — 'M  «M  M  All^  A4  fsi 

u**v  oOOOOOOOO 
9ZAIC  •flo®®ao®c®®r' 
OZ3^  •  •*  »»  fiAJO 

•  MX^'*tA<AIAiriAtr.  (AIA(A  -*l 

:o  z  » 

c  •  o  c 

j  •^<»-OCOCOOOOD«H>l 

>iaz^ 

^«K«00>aOUIU/Ou>33^QI 

Qoaaatita.aaoc®^0< 


mtc  O  • 

Sv.j 

•  C  O'  •«  >£  o 
W  t  *03 

(V  3  PV  ^  U  O 

i  ib  O  H-  fA  I 

)  p  «  It  fV  N  « 

z  N  a.  ^  Hi.* 

••  «  p  O  c.  3  « 

OK  —  Uf'-^-A'OOf 


•  3  X  X  A»  f 

-  a  X  O  O  O  ^  t 
« ••  3  a  o  a  ^  f 


—  C  <M 

IZAJiMP- 

o  o  •-  ^  a 

m  iA  pj  «  ® 


ri  ^  ^  ^  ^  ^ 

3  a  T  z  a  z 

»  ^  a  QC  a  a  o 

.  a  o  o  o  w  c  z 

•  a  a  a  u.  a  u. 


M  •*  lA 
At  N  N 


pri  IN  O  ••«  N 
O  C  O  O  O 

At  rg  ce  «}  ® 


•-•  AJ  tP  X  A- ' 

o  o  o  o  ?< 
3  0  0  3  0 
O  O  ;^0  O 


VtoC  C-^NIA^ 

OC30COOO 

OOOOCGOC 


lA0A'«>^O-*iM*XXir'0K®rCp<AtlA*r>^  ^h-WOO  ^A.|AXiA®A»«:Or 

p«pp«^*^«rf<NA;fsiAtAtisiA  fstiNrgr'fAfAfPm  fA  fA.^<A<A^ 

OOOOOOOOOOCOOOOOOQOOC  OOOOO  OOOOCOOOOC 

C00000co000co00c30000  ooooo  ooooooococ 


N 

e 

o 

o 

UJ 

id 

< 


m 

V 

m 

(A 

«r 

o 


©ooooooooo 


©©  Al  m  ^  lA  <«  f*  •  e  O 

*4N  NMMMNNNMfAmm 

^  0*  040^0^0^0^0*0*0^0*0*^ 

O©  OOOOOOOOOO© 

O'tft  0>0‘^c^0>0'^9'9'^9‘ 


< 

u 

9 


< 

O 


© 

z 


o 

u 


o 


o 

•« 


■  U  ( 

i 


i  -s: 


© 

a 

o 

tk 


O 

0m 

o 

K 

0m 

z 

00 

0m 

9 

o 

k 

z 

O 

© 

» 

wl 

• 

z 

0m 

4/1 

• 

o 

O 

z 

9 

o 

V 

© 

1 

K 

mi  ^ 

• 

K 

9 

•J  ♦ 

z 

• 

Z 

o 

O 

K 

o  © 

o  o 

o 

C 

o 

0*0 

U.  04 

© 

o  © 

z 

* 

k 

•J  z  rA 

© 

o 

« 

S  H 

0 

o 

^  ©  **«  IN 

p 

O  9 

a 

Ik 

z 

o 

w  kj  O  -u  ot 

9 

5 

«  a 

9 

© 

o 

O  z  OJ  O 

c 

o 

lA 

O  ^  (D 

X 

M 

0* 

z  •  o  o  K 

K 

o 

z  »*-  1 

©  VI  00 

Ik 

©  O  K  ►- 

• 

CJ  V) 

©  k'  O 

m 

»  «» 

c 

kJ  pU  K  O 

o 

ru 

X  •  k< 

O  N 

» 

©  ♦  o  o  o 

© 

© 

Z  ©  V)  • 

VI 

9> 

v> 

•  1 

Ik 

•  ©(JO© 

u 

o  z  ^ 

k- 

«  ■  •  © 

W 

^  o 

f© 

.J  © 

u 

* 

X 

O 

O 

z  • 

z 

«•*»© 

o 

o 

© 

»>  VI  lA 

&  z  • 

ec 

X  X 

z 

©  9  -»  O  O  O 

o 

ft 

©  « 

00 

9  9© 

© 

1 

c 

» 

—  z  o  o  o  o 

o 

k 

•1  Z  K 

o 

X  K  «  ! 

© 

» 

3X000  • 

t 

(N 

Ai 

9  0  * 

o 

1 

• 

z  o 

z  K  o  •  •  o 

o 

o 

z 

© 

oo 

X  *  •  ©  o  ru 

© 

X 

«i  •#  O  « 

• 

•  9  r*  *A 

o 

Z  •  X 

p4 

X  »  lA  fA  ^  liU 

N 

k- 

©  «  O 

r> 

©  ©  k-  O 

o 

z  «  © 

w 

9  04  9  •  9  9 

t 

4 

z 

©  O  O  «• 

o 

O  Q  1  X  lU 

00 

k* 

♦  H  H  ^ 

K 

9 

©  ©  © 

IN 

Ik  « 

r 

^  ^  ^ 

mJ 

o 

9 

0* 

U 

•<  «  H  02 

& 

Ik  X 

•  o 

O 

Q 

O 

o 

«J 

p4 

© 

9 

©  1  w  X 

VI 

f  «•-  6  9 

*  C 

©  z  © 

«•  o  o 

o 

o 

o 

o 

X 

Z 

Z 

Z 

I 

z 

z 

z 

o 

H  K  ©  ©  ©  •« 

©  o  o 

o 

• 

• 

9 

♦ 

• 

X  ^ 

i9  mi  *  0*  o  •  A  • 

iJ  z 

« 

*0  ^ 

X 

o 

o 

z  z  ♦  ♦  ♦  ♦ 

k  <A  |K  • 

• 

o 

o 

o 

1 

©  ^>  « 

V) 

« 

«  f  W  ©  O 

>  2> 

« 

*0  00 

00 

o 

X  X  ©  ©  ©  ^ 

L 

1 

3 

1 

3 

r 

3 

1 

3 

2 

3 

4 

H 

© 

♦ 

ZOON> 

Z  lA 
•«  I  ■  «» 

UJ  ^  © 

© ' ' 


:2*i 


VI  «/)  U)  UJ  H 
wJ  mJ  mi> 

©  O  ©  Z  V) 


©  v>  f-«  I 

Q  ^ 

N  « 


;55Pt 


'  S  i 

o 


©  K  M  M  M  M  J 


•j  4/1 VI  f» 

tA  © 

JS  k-  Z 

ft 

9  U  Z  «A  • 

m*  © 

1-  k*  k-  VI  Q 

0  < 

H  k«  Z  Z 

ft 

O  k  o  z  © 

H  »  k» 

N  X  X  kk  ©  k 

X 

k*  9 

ft 

Z  ©  z  Ui 

N  O 

«•  «»  o 

VI  N 

V)  Z  «  k  O 

ft 

©©CZ  N 

—  f^kk 

«  z  z  z  z  a 

2  v^ 

k-  O  UJ  Z 

* 

9  Z  O  k« 

©  ©  ©  Z 

kP  M  M  k.  ^  0 

©  k  Z 

X  ©  ©  oc  © 

# 

VI  ■■  ©  ©  © 

©  X  K  kx 

^  ml  ^  ml  0*  _ 

^*0m0^^OtlOtl 
©  O  o  O  O  K 


'  H  o 

>- 


3  «»«•«»  O  O  O  C/  o 

^  \L.u.  U,U.QOOOOOOOOQ© 
Kmmm«-p-©3U0©U©5©00 


oc  H 

o  © 

o  a  © 
u  ©  ©  ' 


mi  *  Z 
I  ml  CC 

•i*  n  9 
K  C 
ik  or  UJ  z 

L  a<  <K  UJ 


> 

Ui 


©  Vi*  lA 

©  © « 


O  M 
©  © 


© 

> 


s 

Ik 


,».#©©©  IT'IA  lAlAIAIAtriAlAtr©©©©©^ 
o©©©o©o  o o o o o o o o © o © o o o 
oooooo©  ©ooooooooooooo 


©  k  «  © 

©k* 

••  IN  ♦^  © 

lA  ©  Pk. 

m 

o 

0* 

N 

lA 

© 

A 

© 

k 

» 

ff*  o 

m4 

Al 

(A 

© 

lA 

©  k  © 

<^ 

o 

04  Ai 

©  ©  ©  © 

k  fk 

o  o  o  p 

o  o  o 

o 

© 

© 

04 

04 

© 

04 

© 

© 

04 

©  Ai 

AJ 

IN 

Al 

Al 

AJ 

AJ  N  IN 

Al 

lA 

(A  lA 

o  o  ©  o 

eo 

ooo© 

0  0  6 

o 

o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

o  o 

o 

O 

O 

© 

O 

OOO 

o 

o 

o  o 

o  o  o  o 

©  c 

o  o  o  o 

Ooo 

o 

o 

o 

o 

© 

o 

o 

o 

© 

o  o 

o  o 

o 

o 

o 

o 

O 

o  o  © 

o 

c 

o  o 

A-13 


o 

4. 


•  O' 

N  NN 

O  N  N  M 
o  e  e  o 

9  9*  ^ 

iiii 


^P  «<  M  fTV  I#  lf\  p 

-  ->5F  o  ♦♦♦♦# 


.  ^  ^  Pi4  fV|  art 

N  N  O  N  o  N 

O  O  O  O  o  Op 


P  P  »  ^  P 
w  p  P  P  p 
PPPPP 


P  P 

JJ 


N  t4f4r4Nf*i 
O  P  p  o  p  P 


p  p  p  p  p 

'5'«  J  J 


p 

5 


p  p  p 
fWN  N 
P  P  P 

P  P  P 
PP  P 
P  P  P 


P 

N 

O 


I  I 


o  «4  M  m  p  p  K  p  p  p  *4 
PPPPPP  pPP^^ 
f^NNNN 

OPPOOO  poooo 
PPPPPP  ppppp 

iiitu  am 


o 

p 


o 

tt  • 

si 


4  U.  »4 
P  »IL  Uu  P 
kC  4  P4K 


P 

f** 

i 

Ui 

H 

p 

Q 


S 

4 


P  •M  • 

P40»p4  •»*aci 

U.P^S4  44K42 

•ipuisp  ppqmz 

pPOOlC  pffPH’X 


g- 

s 

o 

S  M 


4  4  P 

4  4^5 
p  B  u  P 


O 

P 

P  W 

4i  M  ft 

X  !•  P  4  ft 

PC  ftp  2  P 

wi  4  4  o 

4  ftP  P  U  UJ 

H 
P  O 
z  s 


O  ft  p4  • 

ft  2  4  P 
l»P  •OmX 
X  O.  4  «  H  S 


ft  •»  P 

•»  P  4 
4  ftN  41 
•  P  ft  K  w  ft 

X  *•  4  Q  ^  fvt  ft 

8iCiI?S» 


Q 

« 

P 

4 

P 

K  4 
ft  O 

O  2 
4 

4  • 
P4 

MX 
•  4 

42 

ft  . 
52“ 


_  I  O  N  UJ  M  O 

4PU  ftPPOUi 


U  X  4  2  ft 
4  p4  4  P  P 


P  O  • 

ftU  »N  p 


2 

O  • 

M  « 

u  4 
Ul  flC 
4 

4  4 

•  4  U 

•  ^  ft« 

«  P 

^  •  94 

~  t85 


4 

•i 

P 

> 


4  4 
O  P 
4  4 


4  »K 
41  P  4  O 

4  P  P 
P 

U  42 
9*9 

ass 


4  4  P  ftX  w  • 


4 

« 

g 

P 

O 


O 

o 


O  4 

;  p  o> 


M 

ft.  1  4  ft 

2 

ft  s 

X  PO 

6 

V  4  4  • 

P 

4  O  UJ  4 

ft  ft 

O 

^  f 

QO.J 

p 

P  P  V  4 

X 

0*44 

P2  • 

P  *4 

Z  *4 

m 

O  ft  N 

1  ?  1  ^ 

ft  P  O  K 

s 

ft  O  *  4 

X  4  M 

N 

P  4  *  %  K 

ft«i  ft  r 

*  *>044  ft  X  4  ( 

■  4  S  55  >  p  2  < 

J  4  O  4  X  P  2  t 
:  4  4  5  < 


UJ  4  ^  p  P 

4  >M  jJ  •  -* 

V  U  N4  *4  w 
»  4  4  P  4 

292  PP 
4  O  M  X  P 
S,  O  4  5  ^  o 

W  —  «  4 
2  2  2  P  4  P 

O  O  O  2  P 

X  X  X  4  w  H 

SSSftu..^ 

U  W  ou  M  4 


P  P  •  K  o 

•  4  O  P 
P  14  4  4 

•  •  N  I  ft 

•  4  O  T 

^  A  w  p  P  ^ 

m  p  4  «.»  4  4  ^ 

M«ftP44P  »• 

44«fpP44PP 
PPCd«J04PXQ 
,JW4PXU9XP 

poppSpxp • 

4  P  4  P 


I  P  II 


i  N 

H  »  W  .  ft  P 

05« 


P  ft*  •  4  4  P 

8K  •  V 
4  K 
P  O  WO 

p  #  p  p 
•  K  U  « 

4  O  M  K 
ft*P  Og 


P  1 


II  u - 

4  0  0  4  9  4  4 
X  o  Siy  m 


4  S  i  p  K  '0  U 


4  K  . 


^0^41 

‘  X  W  4  J 


tsi 

A  #  ft 
4  #  4 
2  X  N 

X  o  — 
•  X 

4  V  O 
*40 

u.  P  4 
4  O  P 
4  • 

V  ♦  4 

V 

4  O  I 
X  P 

O  N 

”  *5 

4  9 

u.  ■  o 

4  N  'ift  I 


P  £ 


fi  5 

•  9  P 
O  NC 


isl 


a  o 

4  2 
*»4  X 
m  (/I  « 

V  X  * 
9  4 

£  O  O 
MC  4 
OOP 

X  t4 

ft  4  X 

Kt  O  D 

^  O 

N  ft  II 
4 

O  P  4 
I  4  X  P 

PU.Pt 

X  M  X  • 


X 

4 

P 

V 

o 

4 


P 

X 


fsi 

» 

ft 


I  p 

m  4  tL 


P 

^8 

I  o 

• 

4  4 
P  P 

4  M  P 
P 

X  U.  O 


X 

I 

4 

P  ft  »•  — 

4  p  UJ  «J 
P  P  ffi  P 
X  ft  O 
w  ft  O  ft< 
ft  P  O  X 
X  P  O  Q 
u.  •  o 

P  -•  #SJ  • 


P 

P 


;^8 

o 


4  rg  p 
4  fU 


XL  P 

4  N  P  t 

N  2  (I  W  ^  N  • 

O  P  H  UJ 

u.  u  u.  o  e  u,  • 

.  p  «•  p  M  X  «•  P  I 

4  ►•2  4  4  ; 

)  UJ  4  UJ  O  *>  U.  UJ  ( 
)  OJ  OT  S  U  M  M  OJ  t 


4  m  p 
p  p  p 

o 


c. 

X 


p 

o 

ft 

o 

8 


4  fg  m  P 

ss  si 


o  < 
O  p 


►••*04^PpPP4«r04ft|^pgtp4«Pp4N4npPp44pp4 

S004,444««44««4««^fgfg4«gfg^fgMfg4fft44ft)4  mpPpp  P 

ooopeooppoppopppoeepppceoooopeoocp 

oooooPPoopooooppoopeppeooooopopoooo 


rg  p  p  P 

SP  P  P  P 

o  o  o  o 
Cl  o  o  o  o 


A-l> 


r* 

*4 

cn 

0  m  «  r» 

00^ 

in 

« 

N  CD 

^• 

• 

» 

•  ID  •  « 

»  0  0 

0 

0 

O'  0 

M 

N 

NNftt 

ftt  eg  M 

(tt 

N 

N  fg 

0 

0 

0 

0 

0000 

000 

0 

0 

00 

0 

ct 

0 

e 

0000 

000 

0 

O' 

O'  O' 

« 

4  ^  *A  <0 

<0  <0  <0 

« 

•0  <0 

0 

J 

< 

0 

0  ?  0  0 

000 

0 

0 

0  0 

K  O  O  O 
QUO 

♦  O  O  O  O  < 

•  •  •  O  I 

X  ♦  ^  ♦  O  ( 

^  ^  c  • 

m  . 

«  t  I  I  i  • 

a  M . 

«  N  «  ■ 

^  M 

</)  U.  K 
K  fr  «  4  U.  ( 

w'  N  a  • 

#  I 


3ggg8: 

K  •  •  t  O  < 
V  ^  ♦  • 

yQ  < 

a  •  •  •  • 


:C3  4L  s 
iA  ^  ^  i/i  a 
N  w  K  u  O' 
vu 

.tt.ll  N  «  11  O 

[a  ^ 

•  >-  o.  u. 
t  vx  «  4k  a.  O 
l  K  Pml  ^  *4  O 


3  ^  ^  ^  C  < 
(^  •  •  •  » 

u  Ik  O.  H  u.  I 


«  a. 

>  V  9 

3  «  # 

»  «  4k  W 

*  Ur  <  G 

-  «  H  O 

*  K  W  • 

U.  tc  *5 

I  cr.  o 

♦  IT 

u  I  ^ 

C  «  H 

»  o  u. 

H  C  J  'A 

J  o 

«  •  •  •  K 

i  o  4/) 

9  «r  H  O 

>  <  lA  O  >C 

*  ♦  fi  . 

b  4  » O  I 

J  ^  (A  * 

I  tt  a  K  o  *— 

9  K  K  O  ^ 

I  (/>  Ik  ««  kT  w  V 

u  o  »  W  H 

?  V  «  PM  u.  4/)  4/> 

r  a  K  .i  -I  ^ 

JOO^  vOOC 
9Xi^QeOa 

>  <  i/>  «  »>  «  p4  « 

K  u  K  7 

I  Um  'V  H  N  O  M  OC 

» U.  M.*  K  9 

>  Ik  «/)  2  X  H*  O 


’4klkikU.U.U.H  I  9H>u.pOC,liJX 
KMMUC9C(k«k 

#v 


4^  N  m  'Tir  ^ 

*4  0  o  o  o 


f'^coo  o*4Mf)ioin  «r>voO"^<M4*^0  4r««or'-K  o  9p4r4f«>-,r 

OOOOOOOOOO^OOOOOOOOOCOCqOC  OO 
OOOOOO9OCOOO0OOOOOOOOCC0OO  CO 


oin  7  9p4r^f*>br 


ir  •r  N  c6  a  o 

fb.  fb  h.  r'-  CD 

o  o  o  c  o  o 
o  o  o  c  o  o 


A-16 


N 

O  (M 

tr  *0  M  «  «9 

Nm^ 

K  «D  p4 

«  ro  CD  o  ^ 

m  ± 

<M 

Q  M  ffk  fA 

fn 

o  < 

tfitfirfi 

«  «  No 

N  K  K  «  0 

m  * 

o  m  fn  m 

«<i  m  o  o 

m  m 

r> 

m 

m  0 

O 

o  o  o  o 

oo  o  o  o 

o  o 

o 

o  oo 

O  o  o 

o  o  o  o  o 

0  0 

9 

^  0*  <^  9^ 

9-  0-  tf-  O'  O' 

Q.  ff. 

o 

^9  9. 

9  9  9 

99999 

^  0 

« 

«0  <9  <0  ^ 

«  <9  4  «  'O 

4  «« 

«  <0  « 

iD  0  0  0  <0 

S  « 

9' 

■*•**■* 

3  «9  ^ 

9  9^ 

9-  « 

-e  iti 

00»«O^Ok(^  o> 

OOOOOOO  oo 

(^0»(^0»^0‘9>  99* 


•*  Ci  • 

M  a  » <v 

UJ  ?  & 


M  O  4  •  ^  IL  ^ 
O  Z  ^  O  «  »• 


No 

B  a  oj  2  & 

ft 

ft 

S  ^  ^ 

C* 

^  VI  U.'  S  B 

ft 

C  M  2 

ft 

<  C  u  c  B 

0  ft 

VI  ^  M 

ft 

t/^ 

h- 

«. 

(/> 

X 

If 

0 

• 

M 

•  •>  # 

• 

M 

0 

ft 

U 

u»  a.  < 

ft 

«p 

ft 

p» 

ft 

•  B  ft  2 

c 

•  i"C  • 

ft 

0 

B 

I  ►-  O  * 

«l 

* 

m 

0 

W  V)  B 

N» 

(A 

• 

C  00  2 

VI 

» 

ft  ft  u  c 

S 

u.  ft  ft  Np  K 

M  px 

ft 

fl 

• 

pft 

2 

B 

0  2 

ft 

ft 

B 

pp 

0 

p  ft 

9 

ft 

V- 

in 

P  pp  4/1  ^  • 

• 

p 

B 

9 

H  Oft  VI  - 

p» 

X 

p 

a 

ft 

pp  • 

B  P  M  ft  K  S 

0 

f 

0 

ft 

p 

^  N- 

pX  • 

pBpBpp'p  pft 

m 

ft 

X 

ft 

ft 

A 

9  r 

PI/I  2  ft 

BN-ftCzr^'»  ftS 

B  ft 

0 

B  B 

a 

B 

0 

ft  UJ  U  »- 

Cviftzft2e.  ft 

ft 

2_^ 

ft> 

0 

9 

«p 

• 

ft  0  0  ftj 

SftoSaKft  Pp 

a 

X  2  2 

ft  P 

VI 

ft 

K 

^  t  VI  B 

« 

«  a  B 

p 

u 

O. 

0 

ft  OB 

0  p 

z 

p  2 

p 

•0  S 

•  0 

p 

p  pm 

0 

ft  B 

p 

ph 

N 

p  •  •  a  K 

pp 

ft  pO 

kip 

ft 

c 

B 

1  » 

2  p  2  ft  ft  0 

0 

■X 

Oft  Z 

X 

p 

2 

«  (j  ft 

0  • 

Oft  s  a  ft  ft 

in 

0  m 

Z  K  B 

u 

pft 

ft 

ft 

M  0  ft 

l/l  2  p 

•*  V.  pft  z  pft 

0  0 

0  p^ 

B 

ft 

X  ft 

N- 

ft  Z  B 

p  I/I  0  K 

2pUp«n  CKftpx 

H 

00 

0  0 

p  p 

OB 

B 

ft 

fs,  UJ  p-  C 

0  ft  Z  ft  2  p  fn 

6 

fo  ft 

0  »  p 

P  ft  ft 

p 

ft 

p 

PC  0  u  ft 

ftOeCkoBft  Pftp 

pp 

•  v> 

0  r«i  0 

N-  ft  iu  s 

z 

p 

p 

ft 

Pk 

«p  rsi 

ft  ft  <  •  a  «o 

p  m 

ft  • 

•  ^  m 

009a 

0 

P  PP 

ft 

I  V) 

B  B 

9  ft 

ft  z  ^  VI  OP  0 

m*  r4 

0  N  px 

2  Z  ft  ft 

ft  Z 

ft 

ft  NX  ft 

ft  «p 

ft  «  « 

ftCfttHnmo  • 

*  >, 

0 

B  B  9  0 

0 

ft  B 

No 

ft  H-  ft 

a  p> 

lu  « 

T  < 

-  K 

K 

*  ^  u  oe 

•  c  >-•  » 

*  t(  ^  wi 

«  tt  0.  « 

•  3  Z  ite 

♦  w»  —  u. 


X  *  K  •  a  a.  : 
c  C  u.  o  c.  < 
a  <  <  u  z  a  ( 


)  X  *  z  &  u  : 
I  c  ><  r  «f» : 

.  Z  <  of  2  a  < 
r  or  ^  X  K  V  ' 


-  2  2  O  a  ( 

c  C  C 

N 

V>  VI 

2  2C»  -  . 
V  ^  K  I 

.St 

>  »  «6  B  » 

#  U  W  tt  •!  I 


5 

^  ^  B  S  (« 
B  «  B  B  B  B 


•M  t  •  BO. 

5  c  8 S •#  5^  a’ 9  o ^ 3k  55  0‘ ^ 

4^|]L««9>>rOOQO»>4«4«'4^MH«i««4p«p4fSjN'#o4m 

^MJ  prf  P<  ^  ,-• -I  M  —  p*  —  p<  p- -«  p- O  O  O 

»••  »••*•  »»»»»•» 

UJM|o|L«0'9«0«0'9«<C«0'C^^^4«6'0«0«0*»  *1X1 

UNO  •»— 

'§]»5-5iiiiiiiiii5iiiiiiitjiwS 


pp  rj  ir\ 
Q  Q  O  C  3 
C  J  O  C  C 
o  o  o  o  o 


OOOOOCQOOOOCOOOOOOOOOOOOOOCOOCOOOOOOOOOOOO 

OOOOOCOOOoOOOOCOOOOOOOUOOOOOOOOOOOOOOOOOOO 


cc 

c 

u. 


A-17 


I 


o 

o 

o 

Ui 

e 

< 

a. 


<# 

s 


m 

■# 

o 


m  ^  « 

lA 

ssss 

iUi 


tf>  <0  ^*  «>  <^  o 
«  <4  <0  1«  *6  ^‘ 

ssssss 

9*  9-  ^  0>  O'  9 

iiiiii 


m  «  MS  ^ 

K  f*  |i« 

^  ^  ^  ^ 

O  O  O  O 

MAX 


m 

X  N  to  X 

K  •  rv  o  X 

10 

to  A 

K 

o  o  o  o 

O  o  K  A  A 

A 

N  tv 

X 

<v 

O  m  10  to 

^  to  p  to  p 

« 

to  to 

e 

o 

o  o  o  o 

o  o  o  o  o 

o 

o  O 

9> 

9^  A  O'  A 

O'  ^  9  O'  O' 

O' 

9-  9 

A 

A 

A  A  A  A 

A  A  A  A  A 

A 

A  A 

4 

A 

X  A  X  X 

X  X  X  X  X 

X 

X  X 

Iz! 

«A 


o 

« 

w 

o 

z 


I 

• 

X 

10 

o 

<0 


z 

fO 


'C 

u. 


a. 

.f 


X 

fn 


</»  < 


o 

i 

o 


u 

c 

w 

c 

z 

(O 


m 


o 

10 


o  » 

«  »N  » 

uj  z  o>  •  a. 

M  Q  <  •  U»  IL  < 

o  X  X  a.  o  oe  K 


V>  *  A  » 
4  X  O 

u.  o  ^  X  a> 

10  uj  r  < 
<  «  o  u  X 


fr  a.  X 

3<  c 

X  to 


o  ►- 
ec  to 

s? 

K  K 


8 

O 


g 

o 


z 

o 


o 


& 

A 

I  lO  - 

N  •  ^ 

•  U  • 

X  Ui  <0 

o  <o  tfc 

«  A  2  * 

X  X  " 

N  O'  i0  * 

•  ^  o 

X  *  X  M 

K  X  to  X 


f  - 


N  A  X 

N  10 


K 

K  to 

t-  • 

to  A 

X 

A 

P 

mm 

X 

A 

o 

M 

< 

<  • 

U  X 

•  «  a 

P 

o 

• 

x 

• 

a 

o  A 

X  A 

2  ®  • 

i 

A 

a  C 

•  »  • 

» 

tv 

Q 

o 

to 

a 

a  • 

Can 

X 

• 

a  a 

a  a  X 

a 

a 

a 

V 

X 

K 

p  • 

o 

u  a 

A 

A 

S  i 

•  X  p  X 

o 

»  A 

» 

X 

# 

c 

to 

z 

m  • 

•  a 

• 

a 

to  5 

z  K  O  X 

•  K 

z  K 

to 

K 

* 

o 

P 

z 

A  M 

K  » 

khz 

X 

• 

to  to 

a  a  to  X 

K  to 

» 

O  A 

z 

to 

a 

o 

a 

to 

« 

X  a 

a 

9 

to 

a  to 

X  A  w  P 

X  a 

a 

«  K 

X 

X  •* 

• 

o 

• 

a  z 

a  • 

X  a  • 

• 

A  A 

a  ox 

• 

►  a 

V 

9 

A 

X 

2  P 

tv  A  z 

A 

V 

a  a 

A 

O  z 

a 

o  o 

o 

o 

a 

to 

X  A 

O  H 

A  O 

« 

X  a 

X  a 

o 

• 

a 

D 

z  o 

to 

0  0  4 

K 

• 

z 

z 

•  ^tj 

K 

« s 

Z  P  X 

lO 

• 

A 

to  K  • 

Z 

O  10 

A 

O  to 

z 

X 

o  o 

X  X 

K  Z  A 

a 

K  a  A 

Otox 

A 

mm 

K 

o 

a  to  A 

a 

a  A 

A 

lO  a  N 

N 

• 

z  a 

o 

r>  o  K  a 

• 

a  K  o 

A«o  A 

X 

A  • 

a 

•  N 

a  X  X 

s 

#  » 

IV 

AC* 

A  A 

A 

X  I 

to 

•  u  a  a 

•  •  to  X  a 

p 

K 

to  A  • 

•  X 

• 

X  A 

• 

•  a 

m 

*  Z  Z  K 

• 

AK  # 

•  fg 

A 

5 

a  a 

m  z  X 

It 

A  #0  D 

X 

Z 

•  to  z  X 

X  K 

a 

p  K  tv 

•  ax 

A 

A  o  C  • 

o 

N  •  Z 

«  \L 

A  - 


a  X  ^ 


X  3  f 


•  tv  •  X  o  ^ 

•  • 

a 

A  X  «•  a  • 

a  z  •  a  X  K 

K 

to  A  X  K  K 

to  A 

•  M 

K  •  •  a  X 

•  rv  X  A  a  o 

3 

a  tv  A  a  H  A 

a  • 

AAKZ  X 

M  A  fO  K  K  X 

a 

a  •  to  o  z  to 

•  X 

N  X 

z  « a  a  • 

•  •  a  a 

K 

a  A  a  a  z 

a 

X 

P  X  •  o 

a  K  to  a  X  A 

3 

Z  •  z  K  u  a 

H  • 

►-  a 

Aa  z  • 

a  cn  •  a.  -1  4'i- 

a 

A  K  A  Z  C  O 
•  a  •  X  a 

>  N 

S  X 

a 

•  HOC 
a  A  a 

•  X  c  a  •  z 

•  to  a  a 

X 

«»t0  X 
X  •  tv 
0*0 
#4  Ui  ot 
X  X 
«  a 
»X  u. 

«4  «#  • 

Z  »  X 
A  X  to 

A  A  A 


X  a  <  H 

to  at  a  M  ^  I 

ot/)ui : 


to  a  H 
z  o  » 

H  X  Z 
<  fr  O 
X  »M 
^  I  • 
•  OX 
X  A 

A  W  A 
A 

.  H  >-  ►- 

I  <  X  < 


X  z  o 

&  Ui  a 

TOO 

Z 

•4  •  A 
•O  • 

X  A  X 
A  X  A 
A  O  **’ 

k5, 
i' 


<  u.  U.  UfO 

•"  •  U.  X  M 
►-  A  X  J 

A  A  o 

Zui  aA 
A  s  a  X 
X  O  W« 

M-  o  a  «  X 
z  z  oa 

^  fn  Ik  (K  A 

«  _  _ _ 

X  aujAH  0»^«JtOUlO 

>Nnou>  uj**  autxzw 
A  fA*&xxit  auo 
Kaeoiixxo  >cza  z 
u  u;  A  z  ^ZaXAMX  O 

_ xzui^a  •ttNwZaAUi  <0 

XU/  IT  A>X  »  • 

{•xz»»*  a)Z»x«4xxzz*i4 
X<"^X  X«>C«rfXA*NtOKOZ 

AAAtVAaXfV^'^fOA 
aaZaa  wUIOaaOA'oVaaw 

^  K  O  X  I  ^ 

MX  XX  X<  X0-«XXAXXXXXX 

iX^-xx  •xxxxz  •xx  »rxzxxr 


R2 

5 


>  to  a  _ 

’  a  o  A 


o 

to  aC 


A  z  a  a 

^  X  X  ^  » 

•-  *o  ^ 
Ui  X 

»  k 

•  at* 


It 

o 

o 


o  a  a  o 
o 


-» o  e 
o  z 


N  ♦ 

•>a  a  z 

l  U  O  Z  O  tv 


A  O 

a  z  A 
a  ri  > 
I  tv 
fO  •  • 
•>4  X  A 

•  A  a 

X  A  » 

IT 

•  KM 


a  M 

PV  X 

55i 

X  o  •• 
n  X 


•  1  • 

Z  •  ZAO 

•  a  a  X 

I  C  X  *  A 

A  Q  a 

•  m 

p  a  X  u  a 

c 

*  ■N.V 

Z  *  A 

v>  •  a 

to  z  • 

A  1/)  •  a  •  a 

o 

o  a  a 

A  A  a  tv 

K  z  a 

•  to  p  X 

z  •  o  •  A  a  A 

• 

a  X  X  A 

o  A  o  Q  ♦ 

«v  a  A  o 

u  A  z  a  z  •to 

•w 

a  a  a  o 

c  o  o  z  * 

X  • 

X  c  u  a 

aoa^xxtj  • 

•4  Q 

lO  O  tf>  ••  z 

A  tv 

a  •  X 

V 

O  1  1  to 

A  «0  CO  *  C 

X  a 

A  to  A 

a 

A  CO 

A  A  CO  3  z 

u  a  X 

X  K 

a 

*009 

tv  A  N  Z 

X  •  a 

X  >1  A 

1 

X  Z  O  O  K 

c  IV  •  X  4 

uj  or  a  •x 

z  «  K  o 

A  K  X  <  X 

t*  A 

#  O  u  A  Z 

*  O  A  •  o 

»  a  w  ^  X 


»a  a 


A 

aaaaaaaKaxaxaaxaazaAXaaxaaaaacO 

• 

s  a  X  X 

fv 

ocOOQOoo'OaoaooXQCKp 
aaaaaaa  a  a  aa  aa  a 

Axcoopacoop* 

aa  aaaaaaa 

# 

« 

X  a  Q 
to  A  C  U 

A 

A 

A  A 

A 

A  rv  A 

a 

A  tv  m  X  X  K  0 

9 

o 

A  lO 

X  to 

XK  «OOa(VX 

> 

o  o  o  o  o  o  o 

o 

A  A  A 

A  A 

AA  AANfVtOX 

a 

A 

A 

A  A  A 

A  A 

AA  AAAAAA 

A 

u 

o 

> 

z 

X 

a 

O'  O  A  tv  lO  X  to 

X 

K 

0  O'  o 

A  N 

fOX  XXKOOOa 

A  fg  ro  X 

X  to  to  to  to  to  to 

X 

to 

to  to  X 

X  X 

XX  XXXXXKM» 

o  o  o  o 

a 

o  o  o  o  o  o  o 

o 

o 

o  o  o 

O  Q 

OO  OOOOOOO 

o  o  o  o 

O 

o  o  o  o  o  o  o 

o 

o 

o  o 

O  o 

oO  0090000 

e  o  o  o 

A  ru  A  X  A 


o  a  a 
»  D  O 
O  a  Z 
a  o  a 


o 

£ 

O 

1^ 

A  A 


A  •  ^ 

>*5SSir 

<  J  z  C*  A 

►-  X  X  o  K 

K  V 

z  z  z 

w  u  u> 

fM  m 


a  to  a  z 
to  X  a  X  or 
O  a  ^  a  V 
X  -i  2  c  X 
a  X  z  *  o 
X  a  r 

M  N  X 
M  H 

ax  H 

o  a  2  a 
z  .J  2  a  X 
a  X  X  a  oc 


A  •  •  O 


a  «  » 

X  A  N 

a  X  X 


•  o  .  _  . 

I  e  I  O  rg 

•  Q  ♦ 

a  o  » 


•  t*'  o 
z  z 

O  N  A  ; 

Z  «  I 


uj  Ui  a 

u  A  o 

»  •  t 

a  a  z 
o  o  O 
Z  I  I 


z  a  z  X  « 

OgOaaaa^: 


o 

o 


AKACrOANt^^XtOAKAtrOA  INfO 

OOOOA^MAAAAAAaiifgrg  Oitv 

OOOOOOOOOOOOCOOO  OO 

OOOOOOOOOOOCOOCO  OO 


i 


t 


o 

o 

o 


o 


s 


<.9 

> 


4  K  ft 

9 

O  aN  N  ^  4 

ftftk>ft40p«M<a4ft 

N  ft40M«(^m4ft4ki 

0«  pMi 

ft  ft  M 

ftft  ft 

ft  «  ft 

ft 

ft  4  4  4  4 

»»»»»OOOOoO 

O  O  O  *4  "4  Mi 

Pi  •i  Mi 

Mi 

4  4  ^  4  4 

o  oo  o o  o 

sss 

4 

o 

44  ftftUNftftft 
oooooooo 

o  oooooooooo 

OOP 

4 

44444444 

44444444 

4  4444444444 

X*  a 

tii 

m 

4  4  <0 
444 

4 

4 

4  4  4 
4  4  4 

am 

«  444444 

4  444444 

4  4  4 
4  4  4 

4 

4 

4  4  4 

4  4  4 

• 

UJ 

UI 

ft  Z 

y 

Z  4 

• 

z 

z 

M  Z 

ft 

ft 

• 

Ui 

^  X 

ft 

Ui 

lA 

z 

ft 

ft 

^  >. 

Ui 

a 

a 

mI  ft  Q 

4 

• 

ft 

!ti 

U  ft 

ft 

4  ft  Ui 

>  iSft 

s 

Ui 

z 

z  o 

z 

>  •- 

o 

s 

o 

IM  lU 

S 

Ui  Z  ft 

•J 

6 

o 

ft 

^  o  UI 

M 

•J 

^  a 

K 

ft  u  o 

• 

Ui 

4 

4 

ft 

o 

k- 

z  a 

ft 

•.Oft 

3 

z 

ft  Ui 

UI 

ft 

M 

4 

Ui  ft 

k* 

4  a  UI 

• 

M 

>  O  K 

*- 

ft 

4 

X  ft 

Z  ft 

UI 

> 

UI  K 

H  ft 

Ui 

Mi 

ft 

Ui 

z 

z 

z  p 

1*1 

rv 

ft 

UI 

UI  Z  Z 

4 

s 

3 

O 

4  Z 

ft 

O  O  M 

a 

►  1*1 

4 

3 

ft 

z  •-  > 

mI 

Oft  • 

z 

O  ft 

a 

W  ft  Ml 

4 

ft  (0  ru 

O 

Ui 

Ui 

z 

UI  ft 

u 

a.  ft  4 

> 

s 

X 

B 

•-  4 

UI  Ui  Z 

Ui 

•N  • 

4 

X 

Ik 

Ui 

O  ft 

O  ft  N 

» 

Z 

M  lU 

Z 

Z  ft  4 

Q 

la  •  ft 

•i 

N  X 

UI 

a 

ft  z 

k* 

•«  X  4 

z 

N 

4 

ft 

m0 

z 

Ui  k* 

Ul> 

4 

Ml  «<>  Ml 

* 

> 

a 

5 

ft 

Ui 

0^  M 

ft 

M 

£ 

f4 

Ik 

ft  ft 

ft 

w  X  u 

Ik 

ft  Ml  ft 

UI 

O  ft 

ft 

z 

S  Uk> 

z 

k* 

z 

u  > 

o 

ft 

mi 

OM  X 

4 

4  ft  4 

Z 

4 

•M 

Z 

u, 

UI 

4 

«J 

^z  «* 

z 

e  z  1 

IM 

B 

o 

1/1 

Z  »- 

M 

3 

4  4  1* 

a 

o  z 

z 

O  Ik 

Z 

.  »  o 

IM 

zoo 

o 

1  K  O 

z 

Ik 

ft  Z  ft 

4  k- 

k- 

O  4 

o 

ft  4 

Ml 

ft 

K  4 

k 

z 

z 

Ui  ft  ^ 

ft  Ui  Ui 

o 

U  4  ft 

z 

C 

^  o 

UI 

ft  ft  4 

ft 

UI  a  ft 

ft 

Cb 

• 

w- • 

K 

z 

ft  O  ft 

ft 

ft  mI  z 

O 

B  ft  4 

B 

ZZ 

a 

4 

X  ft  ft 

4 

ft  4  a 

O 

*M  B  O 

ft 

MM 

5  f 

oz 

Z 

Ul  ft  4 

a>z 

4 

IT 

»  4  1 

M* 

iL.  ft 

• 

f 

i/> 

P 

^  Hft^ft^ftk-ft«.ft  k> 

z 

ft  K 

ft 

K  ft 

k 

ft 

ft 

z 

1  • 

• 

«  '  •  f  ¥" 

V) 

« 

ft  ftOOOOOOZftZ  ft 

o 

&  o 

C 

o  u 

o 

z 

Ui 

O  ft 

i  1  w 

• 

•  •  f  ft 

Ui 

M. 

•J  •ik'ftk'ftKC 

4  Z  4 

•M 

k> 

B 

CD 

k 

B 

4 

M  • 

t 

•  •  f  U 

a 

X 

O  P44eftSftk'«  1  O 

4 

4 

m 

CD  a 

B 

k 

Z 

ICaf 

X  •  •  O 

o 

3\i 

k’ftftft'M»<M444 

4 

B  1  ft  ft  QC 

a 

mm 

4 

4 

4 

4 

B 

•M 

4  • 

O  •  •  ft 

e4a4l^ftV^VV 

ft  O  C  4 

ft  ft 

V.  4 

^  •  4 

ttwX«i'ftftft^ft 

ft 

1  O  k-  Z  k-  «-» 

r- 

B  B 

ft 

K 

ft 

l/l  Ui 

X  «  « 

X 

H  ttl»Ui4400rZ 

k  4  a  O  N  UI 

ft 

4 

4 

c 

O  z 

z 

■M 

ft 

H  Z 

•J 

•• 

^  X  Ml  Z  O  O  H  ft  4  4  ft  4  'i' a  mj  M.  X 

O  O 

CO  4 

4 

ft 

z 

z  ^ 

Z  4 

ft 

ft  ft  t  o 

k- 

•«  4  4  4  4 

OM»loH4K4Mi4 

u 

UJ 

4 

4 

O 

•M 

ox 

Ui  z 

ft 

0X0 

M»z«.z  UN  N 

N 

KftBN4|f  4«mZ 

MM 

a 

N 

It 

k 

k 

o  O 

Z  X 

4 

X  4  z  ft 

z 

•i  «•  mI 

z  ^  X  H  X  N  II 

B  B  4  rvi  rv  K  X 

z 

ft 

z 

5 

z 

•• 

X  N  X 

l|V)llftllftk>  ft 

ft 

<M4O0COaCCft  N 

z 

ft  k- 

MM 

V*  ^ 

ft 

UJ 

M  U  k 

U.ik'.iftOCftk'XZ 

M»MI<M>K>K^ft 

1.) 

k-  C  C 

ft 

k* 

Z 

z 

MM 

z 

5  ft 

M  X 

z 

k'Zft4P0CQ^Sb044 

z  z  cu 

Ui 

A. 

K 

B 

u 

O  4 

4 

8S 

X  Ui 

•• 

UJ 

OMO>ftfiftUftftKft^ftUUUOwUCa.k- 

z 

O  B  B 

U  k 

B 

u 

ft 

ft  X  k> 

Ui 

•mmmoOWC  44 

Vi 

U  4  4 

B 

B 

““ 

*i  .M  N  m  O 

O 

ff>  rf>  fH  f*>  tft 

ft 

u 

C 

c 

c 

c 

c 

c 

c 

c 

c 

ft 

c 

c 

c 

c 

C'  o  u 

J 

U  V>u 

o  o  o 

S 

Ik 


o  o 
o  o 

O  O 


o 

o 

o 


OOOOOOOOOOCQOOO 

OOOCOOOOOOOOOOO 


ooooooo  cooocooo 

oooopoo  oooooooe 


A- 19 


g 

o 


m 

N 

V 

o 


OOOeOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOO 


» 


c 


4< 

X 

o 

X 


o 

4 

H 


N 

> 

Ui 

« 

Q 

> 

s 

lil 

C 

O 

• 

M 

u 

V> 

«» 

H 

» 

H 

x 

«« 

VI 

«itf  «» 

> 

P4  * 

m* 

>r 

M  «i 

« 

M  H 

o 

• 

«  o 

•  VI 

Ui 

»  VI 

u. 

M 

>  flC 

Q  N  ^ 

H 

O  <M  .J 

X  « 

Q  ^  O 

X 

Q  MO 

o 

o «» 

r  »  a.  «c 

M 

9  •  a  o: 

X 

o 

«U  <N  C  < 

•  U  N  o  < 

(L 

V» 

Ui 

O  S  ^  K  «ii* 

H 

O  X  prt  M  H  «» 

X 

K  X 

«  M  1  a  «  4u 

K 

•  M  1  IV  N  Ui 

Ui 

<  0. 

H  « 

U  K  •J  •*  o  «•  X 

UJ 

U  «»X 

z 

1  o 

O  «•  X 

X4<*J>-e--<0 

X 

X  ♦  C  <  »  p4  «  O 

h- 

a  H  ^ 

tOUJ  H 

mV->  <  M 

ft«a.HHXl  O'w'Xtfl 

Q  N  » 

»  D  ^ 

K  O  M  >  M  ^  K 

Ui 

K  O  0«  M  >M  H  X 

iL 

H  M 

<><xh  h  x 

li0NM«OV)iO 

z 

«Hc»iiMcrov>jo 

O 

«  C  O 

or  ^  v»  a 

u  > 

H 

UK 

-*  >  K 

>H  -i  X  D 

n4 

s  &  <  X  <3  0 

XH^OX  2  OO 

IV 

X 

z  X  o  5  K  o 

N 

SO>u.OQtf  HQ 

X 

mOOQ>U.0QkHO 

X 

U.  o  Q 

O  &  ae  o  Ui  X 

K«I^XmmUO«X<3 

C 

M  w  O 

U  W  «  <  a.  IV 

•i 

•4  ^  H 

M  M  H 

O 

M  a 

o 

> 


i  ft 

*#  IT  « 

]  H 

m  ifi  IT 

1  0^ 

ooooooooo 

o 

ooeooooooo 

O  o  O 

I  o 

OOOOOOOOO 

o 

oooooooooo 

o  o  o 

A- 20 


I 


o 

o 

o 


m 

o 

9^ 


oooooooo 

9  9  ^  9  9  9  9  ft 

9^  9  9  9  9  9 


m  9  o  ^ 
«  5  f»  !*•  K  2* 
i«  ^  tf'  ^  *1' 

o  o  o  O  O  O 

A  ^  O'  ^  9 

'  15555 


55: 


tft 

O 

5 


UJ 

o 


o  ri 


yob* 

>  o  o  «-> 


57 

»a 
>  • 
•  X 

K  I 


nH>> 


^99  O  O 
•  «1  «  oe  ui  ut 

£  ^  M  ui  Ul  >  Z 

0  SI  2  M  C  D 

UjS*  -)>-•»• 

5>-S  **iii 

*S~£  “5aSS 
*Si5  a5555 

I  W-  o  U 


o  N  tn  •  • 

o  •  O  1  ♦ 

— 

,  •»  M  14  f4 

^09  •  * 

• 

^  p»  pp 

S  O  o 

^  z  (n  o  o 

»  o 
£8 

Ol  i 
I  »< 
X  • 
«■>  K 
U.  N 


O  O  o 

^J  •  • 

O  K  •  -O  9 
M—  —  *  ~ 

»•  <V  O 

^7,7,*-%:^ 

iI58S5 

O 

O  9 


•  fg  •  4  'O 

^  ^  <0 

M  IT  M  ^  Kl 

—  <  f*  9 

N  — 

•  M  «r> 

«g  ^  o  o 

VI  O  '0 

♦  z  •  • 


5S:S£?Si 

SSSSSoS 

i^.  0‘  9  9  9  9  9 

-  ]ihii 


iV 


9S 

9 

O 

O 

O 


s 


M 

O 

o 


o 

o 

ir^ 

fM 


S8 

O  9 
O 


§  A 

«o» 

S2o 

*  tf\  O 

«» <r 
o  c 
o  • 
o\  p*  ^ 
o  O'  2» 
®  o 
M  ♦  P 
^•  ♦  o 
• 

o  *  t 
o  «*  M 

I 


-  -)  ® 
O  O 
O  ^ 

^  ^  l« 
f»  t 

9  I  O 
^*4  0 
•«  •  O 
O^  • 

o 

OP'*' 
•  4*  — 


-<  <4 


«.»  fSt  «P 
w  IT  ♦ 

«r  ir>  K 
K  O 
^  OH 
^  O  H  •  ^ 
Q  I  O 
O  O  O  M 
^  %  tc  *  m 
f«>(b  ••  2f 

SA£85 


g25 

P  flCOC 
rt  o  » 

^  v>  ^ 

p  P 

pi* 

.  o  S 

•  tf  « 

I  Ui  UJ 
f4«N|  M 

•  X  z 

P*  H  ^ 

O  V>  Z 

Sis 

m  ♦  #  ^ 

oo  ®  5  « 
gS57  So 
“.as^SoS 

»  »  o  ♦  • 

'  „  n  «»  •  •  o 

•  •  O  O  H 

••  p*  p»  I*'  V  *0  ^ 

Op-mi 

A  «P>  •  >•  ^P 

^  v>  1^  V  ^  ^  £ 

M'  Z  ^  *4  *-  « 


s 


9 

9 

e 

I 


17 

*  t  * 

p»  •  ^ 

O  o 

isli 

lA  pp  •  ^ 

58  =  S 

«  l^  pp  <0 

o  •  pp  •- 

■?aTN* 

iisi 

•  Q  PP  • 

pp  o  ^  ^ 
O  lA  P  S 

0  0  4  0 

-»  *  E 

«  e>  •  Ai 
t»?  ►« 
MN  i  < 

m  0  o  4 

00  95 


o 

& 

o 

f 

?s 

ie 

is 


•  KIPPP* 

il8i 

•  O  ^  • 

800- 
^  fi 

O'  r*  *  o 

o 

p-  (o  •  ir 
•M  O'  O  O'  ^ 

go  o  m  ► 

^  M  ^ 
O  r4  f*>  p-  ^ 

o  f  O  O 

•  4  M  •  O 
w  *4  ^  ^  * 
pp«  9P>i9 
^p*  KN  *  •^ 

w  o  *  o  *0 
w  If  ^  o  i<> 
c  o  o 

Ui  H  M  H  N  • 

p  9  2  * 

Z  pp  m  pp  9  M 
pp  fn  O'  >0  p  ♦ 
^•^mpp#  — 
X  U>  o  V)  O  P 

85  *5  *9 

p4  p-  M 


II 

ii 


£ 


&  oS 

•  OlA 

8  U 

S  9  9 

t!£ 

tfs  O  *•> 

9  O  • 
9  OM 
M  *  I 
o  e  ♦  *4 

®8*s 

t  ^  -p  O 

7588 
oS  s  s 

oo'  m9 
mi^  o  p 
9  9 

O  ♦  O  M 

***  5*  2 

P-  «  O  • 
p4  P»  •  ♦ 


►  ► 


•i** 

;sis§ 

&558 

o  •  p-  o 
in  p-  O'  o\ 
m  ♦  M  o 

o  M  O  O 
0*00 
14-^0  0 

o  o  •  • 

O  O  I  ♦ 
O  K  pp  M 
t  O  pp  • 

I  <  pp  — 
•p  o  pp  5 
w  ot  pp  p 
^9*9 

>  w  P-  >>  M 

X  •»  O 

-  -  N 


0^  £ 
88 
28 


8S 


o»  z 

Op* 

U  V> 
OO 

*  • 

o  o 

u.  Ik 

•b  H  ■ 


OOO 

OO*- 

tit 

sss 

555 


9  9 


I 

82 

U 

9 

Z«p 

OM 
p*  I 
KO 

W  • 

§?s- 

“•225; 

*  -i 
o  ■  m  o 
P«*  WflC 
9^09 
•p  *  K  *p 
OUJ*  « 
lu  at  _  5 
X  z  < 
Si-oz 

MP-  K 

A  IW  u  </l  Z 

«  .tM  Z  R  Z 

*  O.JUJ  5  ^ 

*  9  Z  Z  O  ^  P 

issssi^s 


o  u  o  o  u  u  o 


o 

> 


z 

c 


p-  <4  *n 

°  2  2 

o  9  O 

o  o  o 


S*r<^'•0'O^  M 

oooooirj  S 
OOOOOOPS  2 

O0090090  O 


m  «#  tf>  9 

p4  04  P-  ^ 

®  ®  2  2 

o  O  9  o 


fr.cD0'O*^Mfn<# 

Vi--»-NMNMMMN 

D000909099 

beoooooooo 


A-21 


c  o  o  i 

N  M  «n  2 
0  0  9  O 
O  9  O  O 


<4  <n  *  *1 

fn  cn  m 

®  ®22 

9  O  P  O 


p<  N  m  ^  «o 

800000 
o  o  o  o  o 
o  o  o  o  o  o 


! 


1 


o 

o 

o 


UJ 

o 

a 


<n 

• 

ft 

« 

X 

« 

» 

o 

c 

• 

tf>  » 

o 

s. 

« 

o  • 

O' 

ft 

ft  ft4 

ft 

o 

ft 

«/)  til  2  ft. 

IL  ft  ft  2 

ft 

2  ►g  r  < 

ft  4L  IL  X  T 

o 

ft 

«  OXXft.9a^  X 

o 

o 

■ft 

ft 

Q 

k»  • 

ft  ft 

X 

i*}  ft  M  ft 

O  K 

<  «  O  ftftri 

ft  •  ft  ft  t/l 

ft 

U.  o  ^  2  ft. 

ft  ft  X  UJ  9 

«« 

O' 

^  V)  lU  ft  < 

X  X  Q  Ni  2 

o 

*4 

X  C  O  O  X 

a  ft  H  X 

o 

o 

«■ 

ft 

a 

ftk 

u 

o 

o 

o 

c 

ft  ft  ft 

ft  N 

ft 

Of 

• 

U.  ft.  X 

ft  «ft 

UJ 

K 

►- 

ft  X  0)  X 

O  ft  X  ft 

ftj 

< 

2 

Z  »-  9  2 

•  H  2  K 

u. 

o 

9 

u,  UJ  </)  X 

^  ft  O  •-  2 

X 

6 

X  Cl  o  o 

2  ft  ft  ft  ^  X 

u 

z 

^  3 
92 
O.  M 
2  • 

•-  C 
9C 
U) 


o 


^ 

»  i/»  2 

.  O 


&  s 


•  ^  *A 

H  o  a 

«  •fg 

-  <  *  »<  «*  • 

X  ^  u.  g  H  M  » 

^  a  X  •«  2  a 

a  9  a; »-  K  < 


o 

o 


o 

X 


2 

X 


S 

u 


« 

« 

o 


«  X 

is 

V  i 

X  S 

iL  • 

w 

S75 

i  S  o 

8S^. 


2 

o 


« 

o 


ftj 

K  O 

ft 

X 

? 

•ft  U.  9 

ac 

u. 

2 

Ui  o 

h- 

c 

•  ,J  2 

ft 

•  M 

ft 

2 

o 

X  «(  X 

UJ 

N  !»> 

O  ftij 

X 

ft 

ft  ^ 

9 

ft 

g  X  • 

> 

ft 

m  "» 

ft  1 

o 

2  ft 

3  O 

U 

ft 

ft* 

Z  #  2 

► 

m 

2  0  2 

ft  ft  U  ft 

2  ft 

ft 

* 

ft* 

QC  14  X 

ft 

C  O 

ft  • 

• 

v>  2  •  ft-  Ui 

• 

ft  ft 

2 

ft* 

•ft  Of 

Q  ft 

Bt 

o 

n  z 

ft. 

• 

VI  o  X  2  •  Ci 

ft 

mt 

ft  isj 

ftft 

u 

4  10 

o 

Kl 

►- 

n  1 

ft 

fSi  UJ  M  u  O  .J  X 

ft 

2 

ft  C  ft 

ft 

ft  UJ  2 

a  X 

CL 

ft* 

Ui  2 

o  o 

«-*  X 

X 

X  tt  u  tu  ft  o  ft 

►■ 

X  X  2  ft 

tr  V) 

ft* 

2  V)  n  >  9 

2 

O  ft  ft 

UJ 

►-  V)  ft 

>  9 

o 

o  o 

ftj  •» 

ft  9  ft  » 

•M  UJ 

v»  X 

9  ft  ^  >  V) 

9 

0X0 

M 

2 

UJ  IN 

>•  v> 

2 

K 

rsi 

-i  u  g  ^ 

o 

o 

UI 

5 

O  0*9  XU. 

V) 

O  X  tf 

14 

9  1 

D  JN 

X  u. 

9 

-ft  ft 

9  » 

a 

X  O  Z  o 

mt 

•  o 

o 

O  O  ft*  X 

u. 

•  C  UI 

C  1 

D 

ft  X 

(/> 

— 

o  o 

ft  ft 

X 

X  K  ft  .N 

2 

c 

ft* 

X  2 

o 

ft  I  ftj 

c 

ft 

2  • 

IN 

t4 

o 

Q  O 

2  ^ 

X 

ft 

ft 

2 

2 

2 

v> 

2  2  --  -1  ♦ 

N 

c 

•-  K  U, 

2 

2 

2  « 

IN  4 

o 

O  O 

M  X 

ft 

ft  ^  ft 

cr 

•  X  ftfc  fc* 

X 

ft 

o 

2 

•  ft  o  -> 

•* 

c 

o 

X  *  K 

X 

ft  O 

»o 

•» 

R 

o 

•  • 

u. 

■ft 

ft  ft  ft  O  UJ  it 

ft 

w 

ft  K  K  >• 

r 

■ft  ■> 

o 

ft 

ft* 

ft*  ft*  2 

-0X0 

O  U.  ft 

ftO  ' 

ft  •« 

^  2 

ft* 

• 

oo 

UJ  ft 

ft 

• 

X  •ftftS90>X 

9  9  X 

c 

a  o 

o 

—4 

ftft 

H  M  ft  ft.  3 

ft. 

o 

^  O 

Q 

It  o 

N  t4 

ft  9 

*ft 

o  in 

2 

X 

a  iLQftCu.zx 

2  ft  ft  2 

—  o 

3 

• 

H 

o 

ft*  n  ft  >  v> 

ft*  N 

4 

• 

O  Z  .J 

O  4J  •  1 

IN  H 

>  V) 

IN 

• 

•  • 

X 

X 

X  U.  Z  X  ft  9  ft 

X  X  X  O  V)  •M  .g 

o 

■■ 

-4  ft 

•ft  -»  tJ^  u. 

If^ 

■* 

O  Ui  UJ 

•  «  X 

UJ  4' 

s 

J>4  O  M  (/) 

14 

JN 

ii 

K  ►“ 

►-  *- 

X  X 

• 

• 

M 

ft  9 

ft-  n  ft*  n 

9 

ft  aft 

•ft 

ii 

-  ft  9  2 

ft* 

N 

9 

ft 

ft 

ft  ft 

9  O 

c 

2 

2 

2  2  2  Vt 

ft 

1  ff\  -ft 

N 

-ft 

2 

e  » 

2 

C  ft  o 

M 

N  ft  2 

9 

• 

N 

O 

N 

2 

•ft 

■ft 

• 

•  • 

C  » 

* 

o 

o 

O  C  O  2 

«■ 

o 

*ft  ft* 

^J  «■<  T 

ft. 

«  ft* 

ft*  ft 

H 

ft 

O 

IM  . 

■4 

2 

ft 

O  IN 

•■ 

ft  ft 

ft  ^ 

-i  X 

2 

2  2  X  UJ  O  2  O 

« 

2 

N 

■■• 

O  ^ 

ft«ft*ft92ftUJft* 

II 

2  ftft 

&  ft  h*  ft 

N 

fM  2  IN  ft 

9  2 

H- 

« 

ft  o 

O  o 

C  ft 

X 

2 

2 

2  2  2  2 

■4 

V  X 

9 

X  2 

ft  V)  9  2  M  V 

9  2  2 

9  O  ft 

2 

» 

9 

ft 

V)  9  2  Uj 

ft* 

** 

9  2 

Uj  O 

0 

o  o  c  •< 

ft  ft 

■■ 

V) 

g 

ft  c 

0&XU.V)OU.O 

** 

V)  o  o 

2  Z  X 

O 

UJ 

ft* 

p  VI  1 

P  * 

14  I/I  O  KJ 
X  <4  ft  14 

ft* 

14 

u  u. 

(/> 

ft 

u 

u 

W  U  ft  u 

«■•  ft 

a  ft 

8 

X  UJ 

OCJUJXlfcUXXOU. 

ft  ft 

X  a  ft  ft 

c 

O 

O  U.  1 

□  ft 

u 

ft 

ft*  ft 

ftrffg  m  X  tn  X  ft4f>j 

fn 

m>t 

■ft 

O 

ft 

1^  w 

♦ 

ft 

o 

> 


-t 

o  o  c  o 
O  O  o  o 
o  o  o  o 


o 

e 


^r-scr  o^rgrk'fv'«NflDco«>«fv*^^ir^r^Qo9‘o^(^^ 

OOcO  OOOqOOOOQOOoOOOOOoOOOOOO  OOOOOOOOOqOOO 
OOoO  OOOOOOOOOOOOOOoOOqOQoOOO  OoOOdOOOOOOQO 

A-22 


{ 


FORTRAN  IV  0  LEVEt  21 


H  H 

j  j  ri  •-  M  •- 

•  •  o  e 

M  M  O  O 

e  o  ^  " 


4  4  ^  ^  ^ 

M  M  M  N  UJ  Ui  , 

m*-'<><**m**^*"S3 
o  o  0^0**, 
o  o  o  o  < 

°  (  g  ■  I-  d  I-  dHHj 

c-orerHrRHl 


StSuSSSoSSSSSsSS! 


N  (o  -t  £  f ms 

#0  1*1  (f>  M  ^ 


u 

S 

Si  I 

»  o 
z  •- 

K 

•  o 

X 


oo  ^ 

flC  »  o 

lUX  O 
M  I  O 

Ik  «  X 

M  ^ 

u  o 

cc 

«  •  X  UJ 

u  M 

o  X  ^  u. 

UJ  ►-  X 
tU  tf  9 

*  i  •-  XO  j 

»  o  <J  X  v> 
«  o  ^  g  X  < 
;  S-#f  ^ 

*  «  a  X  X 

*  5  X  Q 

i  ^-vOw- 


25 

«S!  S 


12*  h8 

>  O  ^  ^ 

:  a  <  X 

^  lU  X  &■  X 

>  Ik  'X 

c  K  N  M  « 

n  M  X 

(  M  K  X 

OC  N  ’“'3 
n  M  X  d  d  K  U 

j  ^  &  M  ^  Ik  Z 


K  »  **  •-  r 

I/I  #  fit  *  ^ 

M  sJ  «  X  ^ 

o  <  «  •  ® 

oi  e  ^  o  •* 

uj  Qt  o  ^  g 

X  X  g  o 

*  M  ^  c  o  o  ^ 

*  ^  N.  u  ^  o 

*  3  O  I/I  C 

*  C-XC  d 

*  QC  .J  Ui  d 

*  tt  a.  X  d  ^  O 

*  D  X  X*“ 

^  ^  o  K  X  1/1 


a. 

X 

s 

u 

-s 

5 

* 

X 

o 

o 

X 

Fi4 

8 

IT 

»-  M 

X  1 

o 

z 

r>» 

X  c 

K 

M 

»  » 

X 

or 

N 

-» z 
-*  1 

» 

«•  X 

<6 

o 

tf 

o 

ift 

c  ® 

^  j  K  X 

K  X  r  I-  X 

UJ  XX  ,  - 

u.'  of  ^ 

»  K  z  n  ♦ 

♦  ,-t-x  c  :: 

^  ^  IM  N-  «■•  ">  •! 

«  30CDI'*“»1'^X 

♦  o^*x-^^  .2; 

»&frXX»-X  I'Q 

«5zujMsx-)iiJX 

i5^ttt.OKMnXUJ 


iilsssssslsslliilll  iilif 


Scooooogooooooog 


OOOOOOOOP 

OOOOOO®®'^ 


O'^OOOCOC'O 

ooooooogo 

OOCOOOOOO 


FZEROP  OZERO,^  XSTRF,^  XSTAP^^  XSTPO^^  XSTARI^^  ALFAST^Dt*  XNUST, 


0 

*4 

m 

0* 

lO 

0  O' 

0 

0 

>• 

• 

0 

f* 

0 

« 

P  ^ 

«o  p 

mt 

IW 

0 

0 

*4 

m 

rv 

0 

m 

0 

0 

0 

0 

iC 

«  m 

0 

0  M 

0  ■«  0  N 

h- 

0 

h- 

0 

0 

O' 

0  m 

M 

M 

0 

N 

0 

M 

10 

m 

e  N 

M  K 

10 

m 

p4 

10 

► 

10 

N 

r» 

n 

fo  ^ 

0 

0 

0 

0 

N 

N 

0 

04 

0 

0 

Js 

0 

0  0 

0 

0  0 

•4 

0 

0 

#4 

0 

0 

0 

0 

0 

0 

0 

N 

N 

N 

0 

0  m 

0  0 

m 

N 

p 

10 

(0 

o> 

0 

mt 

N 

0 

10  0 

K  0 

0 

0 

0 

p4 

ISI 

01 

0 

m 

0 

0 

0 

0 

0 

0 

0 

P4 

(0 

10 

0  *0 

0  0  0  0 

0* 

r- 

f- 

0 

0 

0  0 

0 

0 

0 

0 

•ri 

fg 

m 

m 

♦  # 

♦  ♦ 

(O 

tf\ 

4 

« 

0 

« 

0 

o» 

o» 

f-  K 

f*  K 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0* 

0  0 

(^000 

0 

O' 

0 

0* 

O' 

O' 

O'  0 

O' 

0 

0 

OOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


OOOOOOOOOQC0000000000000000000000000000000000000000009000000 


•  •••••«•• 

OO^mOiNNfWfM 

H 

o  o 


0  0  0 

0  0  0  f- 

0 

04 

0 

O' 

0 

0 

0 

O' 

0 

0 

0 

9 

0 

0  0 

0 

9  0  0  0  0 

0 

0 

0 

0 

0000 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

0  0 

0000m 

0 

f- 

0 

0 

0 

0 

fO 

0 

01 

O' 

0 

0 

5 

0 

0  0 

0 

00000 

0 

0 

0 

0 

0000 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

•  •  • 

•  «  •  •  « 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  •  •  •  • 

• 

• 

• 

• 

■  •  f  • 

• 

• 

• 

« 

• 

t  • 

• 

t 

• 

•  • 

M  04  M 

MNMNO4 

04 

fm 

O) 

0 

0 

0 

o» 

0 

0 

0 

0 

0 

0 

9  0 

0 

00000 

0 

0 

0 

0 

0000 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

p4 

m0 

m 

0 

0 

0 

0  0 

0 

00000 

0 

9 

0 

0 

0000 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

0 

0 

0 

n  0 

0 

0  c  0  0  0 

0 

0 

0 

0 

0  0  0  9 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

n  0 

0 

0 

0 

0  0 

0 

0  0  0  0  0 

0 

0 

0 

0 

0000 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0  0 

oo•#tf^^'K^>*4^|f^tf^^ooK<M*4•4^o^ooooooooooooooooooeoooooooooooooooooooo 
COOO<Am^iN»i(»4Oc««<ON^«Otf>O^O0«OOOoOoOOOOO^OOOOepOpOOOOOOOppOpOOoOOOO 
*************** *  *  ‘ 

ss 


:;;SS88SSgS8gS8SSS88SSSgS8g3SS8iS§gSSg8SS 

ooggoppppp  ^o9p$Sp99pP9c  9999Ppo  poppopo 


o  o 


o  o  o 


888888888188888188 


O  O  o  o  o  o  ^  < 


)  9 
}  o 
-JO 

»  p  o  o  o  o 


^  «0 
m  ^ 
•  • 

N 


i 

• 

o 

m 

fM 


M  ^  O  p 
•  •••«• 

10  M  •  N  ^ 

|0  fO  m  «n  10 


•  •••••#•• 


^«rtNpOP0‘V<OO^^OOR^«^«^f^<O«OIO>PKO»O9^POOOp4P4p4p4Pi«(MrgNNNNNN 

<«0Oo^^f0m(«>f4O>««NPrtM»«»4PRAH<p«fi«»4P«f4«p4«irtfgNNNr4fsirsifarg(V(N)raMiNNN 


o  *0  n 

000 


♦  ♦  ♦ 


(oe«oo«ootooi^ooooooooooooooooooooeooooooooooooooooooooooccoooooo 

•  •••••••• 

O•rt•i44Nf^mm^^lO^r^•9'O^Nf*>^IO«^•0(^O•4«^m'rtf^'C^*«9Olr^O«OO«I^OOOOOOOOoOOOOOOOOOCJO 

•«**«*««MP4«4F4«ii««<4#rt«^fVf^r»4fMMfsirvjrsiCNjioroir<t«nio^^09>0«4r%4<r9«Coj^(DiN004’KN 


o  e  0  o  o  o 

•  t  •  •  • 


eooooooobodooboo^eooooeoooo^ooPoooo 


•  #••_•••••••• 

^ooooooooooo 


000  00  o 


^••i40K«r^o>«vo»io««*«oo 
•••rt^^iririoio^fv-voceo 


obeobobbobeojeobooboeoo 


OOf^NNNNN<^r^*<*4«4*4p4««*«RMR4P«*«»4000000QOOOOOOOOOOOO(dOOOOOOOOOOOOOOOOOO 

oobooooooo^ooooowoowo<^ooooooooooooowQouopwouooooooouoowoouoo 


A- 24 


\ 

i) 


I 


, 

O 

0* 

tf> 

9> 

IT 

K 

OB 

o 

«  o 

*4 

«i4 

OJ 

p4 

• 

«0 

o 

o 

0 

m 

9 

p4 

u> 

P4 

9 

(g 

r* 

0 

0 

0 

o 

0 

■4 

M 

fg 

O 

1-^ 

O  fvj 

<Si 

m  o  fw 

^• 

m 

W4 

tr 

h* 

«o 

Oi 

O  fo 

#n  M 

o 

o 

eg 

f«» 

rg 

«o 

0^ 

IT 

lO 

N 

9 

o 

0 

•# 

Q 

0 

0 

0 

0 

0 

•4 

ro 

to 

0 

9 

O 

i/i 

m 

'C  M 

»»• 

«  o 

m 

r> 

K 

o 

10 

f 

0> 

p« 

N 

^  w> 

«  o> 

o 

o 

*•4 

M 

fg 

!•> 

fO 

•# 

iO 

« 

OD 

0* 

c 

*4 

#4 

m 

m 

«# 

0 

u> 

to 

0 

0 

r- 

r» 

K 

0 

0 

0 

0 

0 

0 

o 

3 

o 

^  N 

f>4 

m 

m  'T  ^ 

ir 

tr 

<0 

0“ 

<D 

CD 

« 

m 

» 

«> 

» 

B 

B 

0 

0 

0 

O' 

9 

O' 

O' 

O' 

O' 

9 

O' 

o 

o 

o 

O 

O 

o 

o 

O 

o 

O 

O 

o 

K  ooooooooooooooooooooooooooooooooooooooooeooooooooooooooooooo 


—  ir«ftf*«^#NNOr-  —  - - -  -  .  .  — - -  - - —  i-. - - 


___ 

tt«««at««*««»tt««ft*f***ta«««»**««t*«a«»«*««»**«*«ac«««»*a*«« 

ooooooocooeoooooooooQooeoooooooooooooooooooooooooooooooooooo 


er 

ec 


__...  ..  _ _ _ _ ...  ^N«^9h>^<«^9'0ll^^O^A<OOoOOOOOOOOOOOOOOOOOOoOOOOaQOOOOO 

OOf't<<^Q'^*«'4'0«0<0^*«4i0'r^Cf»O<0Oa3MOM0'<6OOOOO0OOOOO0OOOOOOOOOOOQOOOOOOO0 

•  •••••••••ft*a**t*««******«*«*t****»**»****t»*a*«  ••••■•••••• 

OO'0mrM(MfsJrgN<sJMfMfgNNM^4N^pHf«ii^tf\«M»OOOOOOOOnOOOOeoOOOOOOOoOOOOOOOOOOO 
Oo  virt^iVII^OOOOOOOOOOOOOOOOOOOOoOOOOCOOOOOO 

oo  ooooooeooooooooooooooooooeoooooo 

Oo  OOOO0< - - - - - - - - 


OOOOdOOOOOOOOOOOOOOOOOOOOOOOOOOO 


in 


Q 

& 


CL. 


tL*' 

^  K  0 

O 

0 

O 

o 

m 

m 

Q 

0 

—  O 

0 

m 

0 

o 

0 

rg  0  o 

fO 

N 

to 

f»> 

0 

o 

0 

O 

10 

0  0 

0 

0 

fg 

r* 

44 

0 

o 

rg 

W^ 

14 

O 

44 

m 

to 

0 

0 

K 

o 

o 

o 

ig 

"g 

fO 

m 

to 

& 

P4  44  0 

o 

0 

0 

o 

m 

0 

K 

o 

PO 

to 

««g 

«4 

0 

O 

o 

fO 

rg  0  fO 

rg 

44 

O 

0 

0 

0 

0 

0 

f** 

N  K 

0 

O 

O 

o 

44 

P4 

44 

fg 

rg 

N 

N 

0 

fO 

lO 

»o 

f^ 

fO 

fO 

0 

0 

0 

o 

0 

0 

0 

•  •  • 

• 

• 

4 

• 

« 

a 

a 

a 

a 

a 

a  a 

a 

a 

a 

a 

a 

a  a  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

to 

0 

0 

7 

fn 

0 

0 

0 

to 

to 

0 

0 

0 

0  r* 

N 

0 

0 

to 

pn 

0 

3 

1 

44 

O 

O 

O 

0 

0 

0 

0 

0 

00 

0 

0 

0 

O' 

O 

O 

o 

9 

O' 

O' 

O' 

O 

O 

9 

O 

O 

O 

O 

O' 

0 

O 

O 

O 

9 

O 

K 

fg 

pg 

<N 

rg 

fg 

<g 

pg 

rg 

fg 

fg 

rg  fg 

(g 

N 

fg 

eg 

N 

rg  **•  44 

*4 

44 

44 

< 

a. 


0. 

o 


4 

J 


w^o(no«<>o«row^ocoooooooooooooooooooooooooooooooooooooooooooocoooo 

Oprtp4fM<>jfnm^^tf>'Oh-ao'0«^^fn^tf>'0^«0‘0*^<Mf*^'#tf^'0^*^V9‘Oy>Oii^Oi^OOOOOOOOOOOOOOOOOOOO 

ft  o-  o  ^  'C  oDOfvJ'^vrjiCO^r  otn 


A-2S 


^,Cml^  FZEROP  OZEKO^^  KSTFF^^  Xi:/  XSTFD^^  XSTXRD^^  *I.FAST,C*‘  XNUST^ 


e^eeooooeooeeoeeooooeoooao^ooooooooooeoeooooooooooeooooooooo 


oo«<N'»(-c>«ir><A«eo>ip«NxF^'N>no'«iA«o>A«oooQoo9oopoooooooooooooooooooooo 

OO|nlA9t^^9«^<O^•^«tf>1#(•^O^»O<AO0<^ON91OOOOOOOOoOOOOOoOOOOOOOoOOOOOOOOOO 

OQ«mfSr4rSfSNf3Mr2NfgNNN<4«4«Hf*S^tf\«MlOOOOOOOOOOoOOOOOO^OOOOOOOOOOOOOOOOO 
OO  pri^mf^OOOOOOPoOOOOOOOOOOOOOOOOOOOOPOOO 

oo  Qoeooooooooooooooooooooooooooooo 

OO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oe^tf^^•^-K•4«Mg^•#oo^*Np4•rt^>o^ooeeooeoooooooeooooooooooooooooeooooooo 

OOOOtf^l««NM*4P409«<«f^«tttf^Otf^0900000000000000000000000000000000000000 

— -N^.---j)gggggggoogogooggggggggggooooooggoooogo 

oo  oooopopooooopoooooooooooo^oooooooooooo 

oo  oaoooooooooooooooooooooooooooooooeoooo 


OO^<nO<^«>^440O•«m^^>^•Nlr^O*^O<*>l^^fn«••<0<VO^»f«^•^»O40«t^9‘9OOO**««•«*^•«•«NNN(^(rv^NNNNrs|^)^l 

•  #•••••«••«•••••••••#••••••••»•••••»•••••»•#>••••••••»••••#• 

«notf>0tf>0tf>0ll>0000000eo000000000000000000000000090000000000000000 

o#4•rfMf^fnf^^^lr^or>•c9o•^Nfn'rtf>«^•ooo•*«Mm<rw^«^'09‘o•^Ol^Oll^oooooooooooooooooooo 


OOOOOOeOOO*^'^*4<^NNNNNfVN(StNMNf^fM«MfMfVr^fgfWp4«riM««00000000»4««trt^tr<ril>«rm^i<-«0000 

o^oo^ooooooooeooooooooooeooooooooooooooooooooooooooooooooooo 


^•••••••f«**t*«J*«**«**f*«_f*«t****^**********f**t*  *!*•**•*•# 

OOOOOOOOOOOOVOOOOOOOOOOtfOOOOQUpOOOOOOPOOUOOUOOOOPUPOOQUOPOOU 


Ca/<M.  FZEROP  OZERO^  yM.  XSTRI^^  XSTAR^yt.  xSTRO,^  XSTARO^^  «LFAST,«*  XNUST, 


t 


o 

0* 

91  9* 

m 

9 

9 

m  9 

r* 

• 

O 

9 

9  o 

O  "* 

91 

;j! 

•4  •«  ^ 

(tfS  9V 

N 

o 

*4 

9 

O 

9 

O 

9 

9 

fO 

9 

9 

■4 

iTi 

*4 

9 

N 

h* 

9 

A- 

9 

9 

9 

9 

—  fs< 

o 

Nin 

M 

m 

o 

ni 

m 

•*91 

«4 

m 

9 

N 

^  o 

m  9 

9 

MOK 

9 

o 

O  fM  9- 

(W 

9 

•4 

9 

9 

m 

m 

N 

9 

o 

CO 

9 

o 

9 

CO 

« 

•• 

9 

9 

m 

pi4 

m 

in 

00 

9 

• 

<• 

N 

o 

o 

« 

• 

m 

o 

m 

m 

K 

9 

9 

99 

• 

9  00 

!>«  m  9> 

9 

9 

«n 

9 

O 

9 

o 

p4 

91 

9> 

9 

kf' 

lA 

m 

9 

9 

N 

K 

00 

9 

O  00  o 

CO 

o 

ml 

fV  N 

A 

91 

♦ 

*9 

•9iA 

9  9 

9 

9 

9 

9 

n- 

^  9* 

9* 

9* 

9>  90 

O 

■» 

»  »  o 

o 

o 

o 

O 

o 

flD 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  9 

9 

o 

0. 

0. 

0. 

0. 

o 

o 

o 

o 

O 

o 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0, 

0. 

0. 

O 

0. 

0. 

0, 

o 

o 

o  o  o 

o 

o 

o 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

d 

O 

d 

O 

o  d 

O 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


ss; 


•  •  •  • 

o  o  ^ 
oo 
o  o 
o  o 


g: 

r] 


^>(^<0tf^«•OC^<^CO^••«(^f^NU^9'«tf\16<^••OOOOOOOOOOOOOOO9OOOOOOOOOOOOOOOO 

^•«<9«4«^«^lr^«#fno^'0<oo•mo^f9>«oooooooooooooooooooooooooooooooo 

•  •••••#••••••#•*•**  •  ••••»••••••#•••■•  •#••«  •  •••  •#  •• 

<^fgNMrMN#S4MNMfMNN«4«^<M«l^*<X«OOOOOOOOOOOOOoOOOOOOOoOOOOOoOOOOOO 

#«««mr*»oooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


oo^tf^^*^•f>»«^^Nl/\•#oo^•f^J^«^^•o^eoooooooooooooooopooooooooooooooooooooo 

-  ^OOtA«*^«^4N^•«O<^«0«^J'#atf^Ot^O9‘OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


O  O  i 


pp<nm«v«wrtf<vNN04M#««N^««fv^r*«4#««Qpooooooooooo6ooooooooooooooopoooooooo 
oo  •«<VIAOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOO 

-  ooooooo.ooooooooooooooooooooooooooqoooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 


s 


O  N  ^  ^  ^ 

M  Art  m  9^  o 

«  «  •  • 


;J5 


ooo^*ONf*^^tf>ONOO««4<>««toNm«omo) 

OONOOO  C^<^9000000099««tA«^«A> 
m  m  ^ 


9  «  o  in  o 
•  9  m  ^  K 
••••_! 
9  ^  m  m 


ONm9<o<>«tf^a>>^(*)iAN9‘p«Nfn9in^of»h»0(D«>9‘^ooo 

CD«DoO»99900oeO«^»«>^Rri-itM««««*«***»4««'^-i«<*«<VNnj 


moiromomoiroooooaooooooooooooooooooooooooooooooooooooooooooooo 

j««^f*3f^«nmV'^«nR0fS«9O*4f2m9in<4^^oo«^NinV^«^*«croinoinoinoooooooooooooooooooo 

«4«4«4«rf*rf.i«prtp4p4««f^NNf^nirgrvNrgNfnm<9«#tn<n^f<»ee90<^N'^'6aoOfg^florg'004'a3f^ 

•4«ri.«p4»«^r><r4rgrgfnfn9<^'rir 


Op«omo^Q9>^^^i*^i^9‘n>KO«4ininor>»pR«rtNinp9^w>f»>fg9r»nf^*rf^O'9<*>f^9Q^o^inNO««n<r*>o«(n9o«4"*kn 

ooom9inoo«^oin*rf9fn««9inNO^*p«*^9«mooofv«r)in«p»9or«<o^#9K9<o9o««ONinfn^rvo''nQs«i4«DOo 

00OO0«rtMf<iinn>o9f^0M90f»'OO0#Of»^'9mm^fnN^O09mf^9^^9n(n9f*fg99h*09‘<0^inNrwn>mN^ 

oooOoooooOp4«i«»«fMntNni«SNMN^f^MMNrgrMfMMMn<r4*4«rtM>R4000ooooo»4«tffn^tf>tninir«Mv*^oooo 

ooooooeooooooooooooooooooooooooooooooooeoooooooooooooooooooo 


or»ooh-oo(^  ooK 
oooooooooo 

r>ir\iNfsjf\i<^N(umrM 


I 

I 

•y  *R«Mm9mof»09>o*4Nm«9in<of^ooo^n^m^m9f>^409‘0««rvjfn^(A«Of^o9«o*^<>ifni#in«r^«90p^r>jfn.#io«KCD9c 


A-Z7 


'<J00 


(/) 


4 


O 

oc 


•  •  •  • 


^«OOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOO 
-  ---  ^OOOOOOOOOOOOOOOOOOOOOOOOO 


(^0^<0000000< 


ss 

oo 


•  •  *  -  - 

«<vj«ooooooboobooooodoobeooooooooooo6bo 


^  «n  O  o 


go  O  P 

OOP 


•  ••••• 

^  b  o  o  b  e 


oboooooooooooooooooooooobo 

oooooooooooooooooobooooobo 


oooooooooooooooooooooooooooooooo 


oo  MNtfNOOOOOOOOOOOOoOOOOOObOOOOOOOOOOOOOOoOOO 

oo  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OO  oooooboooooooooooooooooooooooooooooooo 

*4  ^  ^  P4  ^  ^  *4  M*  w4  ^  prf  *4 

oo^MN^fn^^^iiMrMr^r»f«<#N«'4^'t^mmN*40ooooooo«^»«44*«*«««**<«»^*«*«*«NNNNivNN(«rfMraNNcM 


fl 

A. 


f* 

^  o 

^  ^  O 

Np4  N 

m 

f** 

N 

m 

o 

^  (*> 

O 

m 

O' 

r<4 

m 

• 

44 

9> 

44 

Nm 

ir< 

« 

•0 

N 

N 

« 

m 

• 

m 

9^ 

9  O 

o  r* 

o  o  O  r*^ 

fN 

K  N  N 

m 

«a4 

O  K 

its 

•# 

•# 

<S\ 

tfk 

o 

O 

<C 

h- 

K>» 

K 

K 

K 

h* 

r* 

N 

f* 

K 

N 

t 

•  • 

« 

•  •  •  •  • 

• 

•  «  • 

• 

• 

• 

• 

• 

• 

•  • 

9 

• 

• 

* 

• 

9 

9 

• 

• 

• 

• 

• 

• 

• 

9 

» 

•  • 

• 

9 

• 

• 

» 

• 

9 

• 

• 

9 

• 

• 

t 

•  • 

<6  ^  « 

O 

4n«r  4 

m 

m 

m 

« 

m 

m 

NN 

N 

N 

N 

N 

N 

N 

r4 

N 

N 

N 

fH 

N  N 

N 

f4 

N 

(M 

N 

N 

M 

t4 

N 

♦V 

N  fV 

irtOtoo*f>oioomoooooooooooooooooboooooooooooooooobooooooc'Ooooooooo 

o**4p4f^Nf«>fn'r^tnoK«^o*«Nm'ttf><c^«>^o>4Mm«#tf>of»»ootf>o<^oriOooooooobooooooooooo 

•.l•4»4•4•4»4•4•444•4<M«MNfVM^J(M(^<^4CV(^m^4’lr^lr<C^<•OC^O*«fM<#«*O^<#aD^JOO<e0<^l 

p4P4.4p4«i4•4f^4rM^4^JmfA^^^|^v 


•«  0  fSi  O  O 

oo  o  < 

p**  m  o 

0  O 

O 

O 

CM  0 

K 

CM 

P4 

»4 

art 

0 

0 

^  f 

o 

0 

0  |C|  O  (M 

044 

CM 

c- 

O  0 

its 

o 

o 

44 

44  UN 

o  o  fn  0  «> 

0  0  m  o 

<r  44  «r  m  0 

00tf>rgop40mo 

m 

0O 

o 

CM 

cn 

its  0 

o 

o 

CM 

o 

0 

0 

o 

c-  0 

0 

0 

O  0  iM  p 

c- 

fO 

o 

CM  O 

CO 

0 

0 

o  o 

o  O  O  O  M 

fy  w  ^ 

O  0  ^  o  fg 

O0N00000P^ 

0  0 

0 

CO 

CM  -4 

O 

o 

o 

lf\ 

CM 

o 

p4 

0  m 

|C» 

0 

r*  CM  o  0 

K  0 

o 

0 

44  M\ 

CM 

CM 

c- 

in 

CM  ^ 

o  o  o  o  o 

o  o  o  o 

44  «4  ^  ^  rv 

CM 

CM  N 

CM 

CM 

CM 

CM  CM 

CM 

•4 

44 

o 

O 

o 

o  e 

o 

o 

O  44  p4  m 

0  O 

0 

o  m 

CM 

«4 

o 

o 

O  O 

OOOOOOOOOOOOOOOOOOOOOOOOOObOOOOOOOOOOOObOOOOOOOOOOOOOOOeOOO^ 


i 


0 

CM 

0 

0 

0 

0 

0 

0  0  0 

P>»  CM 

0 

c» 

o 

0 

0 

9 

9 

0 

44 

CM 

0  0  0  44 

M  C»  CM 

9 

O 

0 

•4 

0 

0 

0 

0 

a4 

«4 

0 

0 

0 

0 

0 

• 

0 

0 

• 

0 

o 

0 

09 

o 

0 

0 

0 

0 

0  0^ 

0  0 

c 

o 

m 

A 

»i> 

9 

o 

m 

0 

K 

0 

0 

0  O  eg 

ng  0  0  0 

0 

0 

9 

r 

o 

o 

O 

a4 

09 

art 

art 

o 

art 

«rt 

o 

■rt 

4* 

art 

o 

O 

o 

m4 

Cg 

O 

0 

^00 

0C*- 

0 

9 

0 

mt 

0 

CM 

«■ 

o 

0 

«4  *4  ^  aM 

^  ^  ^  09 

art 

a« 

0 

09 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

o 

p4 

o 

O 

0 

> 

0 

0 

0  0  0 

0  0 

0 

c* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0  0  0 

0  0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

J 

9 

o 

• 

o 

J 

• 

o 

■ 

o 

• 

U 

« 

P 

• 

w 

•  •  •  • 

w  o  o  o 

•  • 

ou 

• 

o 

• 

o 

9 

o 

• 

o 

t 

o 

• 

o 

4 

o 

• 

O 

t 

O 

• 

O 

J 

• 

o 

•  _f  •  • 

o  o  o  o 

t  •  »  • 

o  o  o  u 

• 

o 

d 

• 

o 

• 

o 

J 

• 

o 

• 

e 

J 

t 

o 

• 

o 

• 

U 

• 

o 

d 

• 

o 

• 

o 

d 

• 

o 

• 

o 

d 

• 

o 

d 

• 

W 

• 

o 

• 

o 

• 

o 

^fvm<rir>Ar^ooo44«^< 


A-28 


i 

M 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


I 

$ 

wj 


^  £ 


QQ»4^•9>^>O>10tf^4ttO0'l^40^*««9‘^^4(^C'•l^«A<^A«OOOPOpOOOOOQPOOOOPOOOOOOOOOOOOOO 

oo<*f«^p^•<oP^pp^*«o<AlA«#mo^•oPo•(<)OMP«oooooeoooooooooooooooo^ooooooooo 

#•••§•••••••«•«•••••••••*••••••••••*••  *******J*«*****»**^**« 

00<OinNN«MNNMNfi4Nf^MMf4(W*4^<^^lAPNttpOpoppppPpOppppppOppppOOpOOpOOpoOO 


o  o 
e  o 
o  o 


‘PPOOOOOOOOOOOOOOOOOOOO< 
pooopooooooopoppppoopoppodooodoc 


ooopooooo 
e©gpp?ooo 


fc*^ 


< 

IL*' 


OP<f««i«^4N^m^^^p•^»PpM^'#l*^N«^PP«PPPpPPPPPP^' 

•  ••••••«*••••««••#•«•#••••••••••••••» 


KKrof»Nr»pPPPP»P«flDPP<C  »(S  000.1  0.' 


o»4fi4f^rvfnfn^^iAP^peOp4r^fn^iopKPpP«MMM^<rP 


ft. 

o 


1  ^ 

• 

N  p 

Q 

pp 

s 

f«> 

WP 

P 

o 

«4 

P 

P 

• 

1^  *4 

IN 

P 

o 

P 

p 

P  IN 

IN 

■4 

•4 

9 

9 

P 

K 

9 

O 

9  «  m  p  IN  o 

■4 

IN 

1  o 

9 

m  c 

•  m 

p 

m 

«D 

P 

t 

P 

IV 

« 

« 

P  P 

m 

9 

p 

P 

IN 

P  P 

9  ^ 

P 

o 

IN 

o 

9 

9 

P 

K 

9 

9 

O  P  O  O  K 

P 

P 

>  o 

o 

po 

p4 

tn  p 

u 

p  ^ 

o 

fsl 

P 

p 

• 

« 

« 

• 

9 

p 

P 

9 

P  IN 

m*  O 

P 

p 

P 

IN 

P 

K 

P 

9 

P 

P 

9  N  P  9 

9 

P 

i  e 

o 

p  p 

o 

o 

o  o 

o 

«i«  Wi« 

(y 

IN 

(N 

IN 

N 

N 

<N 

N 

IMfN 

IN 

IN 

IN 

IN 

IN 

ININ 

IN  IN 

•irf 

•4 

e 

O 

o 

P 

P 

P 

O  P  -4  ««  P  9 

P 

P 

o  o 

opdodoodopoo 

O 

O 

O 

P 

P 

P  O 

P  O 

O  O 

O 

dodo 

o  d  o 

o 

c> 

P 

p 

O 

o 

O 

P 

O 

6  O  P  P  O  P 

O 

C* 

I  CM  ^  O  o  oo 


I 


r4i«s«<^p(A<pf*Npcp»i««rfh>ppf^P«<m<ipOP«'/Potf>PO*«*««4p^m0aPNNPtA^f*>tfNh>tt9'>^O^'#moriors> 

NM'AM^poP«^f^p^ppr>9V>p*^Nm<0‘OiAv><*>P^PP««Nr>^r^Of^(*'^tf'^<D«9'Ppooooo«^p>4O^o-<^o 

OO^tf^*^«<#C>^•^0'PPOf^O'#me^•N•^f4««rO^*?^^'^*P«>«D«PC^PPp9P^^PPOOOPOOOOOOOOCO 

OW»P*«*4*4«*«^*^«^*^*«»4'^*«*4opPOPOOOPOPPOOOOaOPOOPOPPOOWOOOOPOOVOOOOPUOU 


A-Z9 


i 

H 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQ 


< 

it 


ooooodooooooooooooooooooooooooooooooooooooooooooooooooocoooo 


O' 

ee 


oo*^Kp^>e^®«®oo»tf^cK«4o«^>N<A^«tA•0(^a®opeooooopoopoooPOooooooooopooooo 

00(^tf^P^*<4>2^«®^*'P^t^'#^0^<P40•mONO^'OOOOOOOoOOOOOOOOOOOOOOOOOOOOOOOOO 


od'jf*>fSlMN«CNM^N#Mf2NfwM^J••4•<4N<#W^®<^®OOoOOOOOOOOOOOOeoOOOOOOOoOOOOOOOOO 
OO  *4»4inl^OPOOPOOOOPPoOOOOOOPOOPOOOOOOOOOO 

GO  Goooooooeooooopooooooooooooooooo 

—  ooooopoor^ - - - - 


OO 


'OOOOOOOOOOOOOOOOOOO  ooooo 


« 

s3 

M 


00<#lf>r*‘NK«4««NjUN^i 

OOOOiAmNN«>«*i40o>< 


•  •  •  • 


,o^-M«^«4r-oh*ooooooooooooooooooooooooooooooooooooooo 

I^N^Ctf\Otf\OC>OOOOOOOOOOOoOOOOOOOOOOOOOOOOOOOOOOOCOO 


OOirfnMf>^NNN«v4^*4^*HfN»i4fM^f^*«p4«OOOpPOpOOPPOpOOOpOPPOOOOOOPOOOPOOOpOOP 
--  .iriM^oooooooooPOoooeoopoooooeoooooooooooooo 

SOOOOOOOOOOOOOOOOOOQOOOOOpOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOO) - 


OS 

OO 

o  o 


>oooooooeoooooooooodooooooooooooocoooo 


<a.% 

< 


OO  mj  ^  ^  ^  4 ’t 


u> 

& 


ooo<M  or*«««p«w%iA<n^^r«iM«400oooooooo< 


>oa9«9‘9'00000000 


« 

Ul 


tf>ou>OiAoi^04noooooooooooooooocoooooooooooooooooooooooooc>cc-oooooc 

o>^^fM«wm(*'^^*f'0^®9'0^«^^'ttf>«r»o^o-rffgm'#iAO^®9‘Oirou%otf'eoooooooooPoPOoooooo 


a. 

o 

« 


i 


ooooo«4NK)tf>h»o^  r'ON^ 
0000000000*4'^^N^^ifM<^^^N 


-4  'C^oOmmof>•^'C*e^4^41f^r4•^0^9'4^^^f^^4f^ 


4O<^Vl*>l«>NO«^'NNC<0  109* 
♦  'Tf - -  - - - 


co<^apMOP»irf<^9'rg<r  riw^ecoo 
^ifwl^•r^^ifMfvfw^4N^Jrg«4Pi4^«-«oooooooOMprir*^«^l^l^lrtf^(*^rs}>iMoooo 


ocfoooooooooooooooooooooeoeoooeocooeoooooooooocoooooooooooooo 


oo^‘0^•9^c9*®®®e«fO«lr^9'^'09‘N^O'#®«^<^Nf«><*>«*^m^<ttf^tf^O'00'0^‘^*^-*^^-^‘(to®OKoo®eooaDa)ao«D 

wo*^***^**”^^”^^^^*^*^’^^*^*^****^*^^^o09odocwoopouoododpoooopoopoduoduoddo 


ft*.  ^444444444 


A- 30 


ll 


I 


O 

m 

0* 

•M 

lA 

4 

^« 

m 

o 

h* 

p 

4 

« 

o 

p4 

m 

P 

p4 

p 

(g  p 

p 

#4 

m 

ig 

p 

•4 

P 

p 

P 

o 

p 

m 

p 

O' 

m 

*g 

P  N 

p 

p 

p 

p 

p  p4  (g 

«g 

o 

o 

M 

IT 

N 

r> 

o 

N 

m 

«4 

m 

in 

rg 

o 

fn 

4 

p 

N 

a 

f* 

PP 

p 

rg 

rg 

p 

p 

p 

m 

in 

p 

p 

p 

p 

o 

p 

P 

mp 

p 

p 

« 

art 

m 

pt  n>  p 

P 

p 

t/i 

« 

p 

N 

N 

N 

4 

o 

m 

« 

m 

o 

fn 

m 

art 

M 

p 

m 

P 

p 

P 

p 

p 

p«  (g 

M 

<n 

<n 

P 

P 

m 

p 

p 

a> 

o 

0m 

0m 

m 

m 

p 

m 

in 

m 

p  p 

f* 

• 

« 

•  p  • 

p 

p 

3 

O 

••4 

N 

N 

m 

4 

4 

4 

lA 

in 

« 

p 

p 

h* 

h* 

n« 

r» 

r* 

a 

« 

m  m 

« 

• 

p 

p 

p 

p 

p 

p 

p 

O' 

P 

p 

O' 

p 

p 

p 

p 

p  p 

P 

P 

p 

p 

P 

p 

p  P  p 

P 

p 

K 

o 

6  p  o'  p  p 

p 

p 

O 

o 

O 

P 

p 

o 

o 

o  o 

d 

O  P 

d 

o 

o 

o 

p 

p  P 

O  P 

O 

o 

o  o 

o 

p 

o 

e  o 

o 

d 

O 

o 

p 

p 

o 

o 

o 

O  P 

O 

o  o 

p 

o 

p 

0. 

0. 

0 

0. 

p 

fA 

4 

»L 


•I 


1  , 


CT 

a. 


W 


•  •«••••#••••#  «•  •*• 

OO«0<*^NNNNNNNNM^if<4^J^JAf« 
O  O 
O  O 

o  o 


p 

• 

m 

p 

p  m 

«  o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

p 

o 

o 

p 

o 

o 

« 

o 

N  P 

p  o 

o 

o 

P  o 

p 

o 

G 

o 

p 

o 

o 

p 

o 

p 

o 

o 

o 

p 

p 

o 

p 

oo 

o 

5 

o 

o 

o 

o 

o 

o 

• 

• 

• 

•  • 

•  • 

• 

• 

9  • 

• 

• 

9 

• 

• 

• 

• 

9 

• 

• 

9 

• 

• 

• 

• 

• 

<So 

9 

• 

• 

• 

• 

a 

• 

p 

in 

« 

N 

•  o 

oo 

o 

o 

O  P 

o 

o 

o 

o 

o 

o 

o 

p 

o 

p 

o 

o 

o 

r> 

o 

p 

o 

o 

o 

o 

o 

o 

o 

o 

o 

04  m 

n>  e 

a 

p 

o  o 

o 

o 

p 

o 

p 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

oo 

o 

o 

o 

o 

o 

o 

o 

p 

o 

o 

o 

o  n 

p 

p 

o 

o 

p 

o 

p 

o 

o 

o 

o 

o 

p 

o 

o 

o 

o 

oo 

o 

o 

o 

p 

o 

o 

o 

o 

o 

o 

o 

P  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

p 

o 

o 

p 

o 

p 

o 

p 

oo 

o 

o 

o 

o 

o 

o 

o 

o 

•  •  • 


ool1^^•^>^•••44(Vtf^^eof«^J^««^»o^oooooooooooooooooooooooooopoooeopoooooo 

OoOOtfMV)r4Mprt<i409^C<«r«J4«tf>Otf^09'OOOOOOOOOOOOOOOoOOOOOOOOOOOOOOOOOOOOOo 

J  p « 

s® 

P  o 

O  p 


^NiA05dd5od5dppPoPdop6$doPdeoPp  g§gs  O  b  O  O  d  6  o 

OPOPCOPOOOOOOOOOOPOOPOOOOPOOOOPOOOPOOO 
OOOPOOOPOOOOOOOOOOOOOPOOOOPOOOPPOOOOPO 


Oprt•p*^Nr«^mm4tf^^^r^r•<^tf^u^^‘4egP9«^«4^»r»^•K^•^>^••«o•co'^c^^^(^p'^PoOopppppoooo 


< 

u." 

a 


pOtf\4^-f»««c«cr9<rV'aPPCh9‘OCh4Pr«N«4P44P'Cp'6ppPKr>»Kti»Kf»h>f*KKKh>NNitor»h>r>»p»h>h»h>r»h> 

OOOOPOOOCOPOOO<M#«POO*«OOOOOOOOPOOOOPOOPPPOOOOOOOPOOPOOPPPOQOOO 


I 


I 


I 


J 

■I 


< 


troirotnoirvoiroooooopooooooooooooooooooooooooooooooooopoopooopooo 

o««^NMmr)44ir>'6f^iPv^o*4<Nfn4inpK«<ro««Nfn4vS4K*9»o<^o)^omoppoooopoooPPOOeoPoo 

•4«4«>ri««w^«^*4«4«4NMNNMNNrg«SNf^P^44(r^«r.«(^O«rtN4'0OON4fl0N4O'#«rv 


o 


p 

00 

•  ig  o  a 

p 

0* 

m 

m 

p  n» 

p 

00 

m 

m 

« 

K 

K 

00  ni 

m  P  p  m 

^  ig 

♦  fgK 

00 

00 

P 

m 

^  -f 

O 

o 

« 

m 

m 

ig 

p 

p4  nj  N 

o 

p 

m 

O' 

o 

00 

00 

m 

p 

o 

o  ffi  «in 

4 

• 

in 

e 

00 

4 

m  a 

• 

5P 

m 

fg 

o 

O 

m 

O'  m 

4  O  p  rg 

mm 

OK  O'P 

rg 

o 

4 

O' 

o 

p 

o 

p 

00 

o 

N 

m  m  o 

N 

o 

in 

P 

00 

P 

P 

o 

a 

o 

o 

o  p  o  •< 

ni 

in 

m 

n-  o 

4 

n> 

o  <g 

o 

f* 

m 

« 

« 

m 

« 

N  N 

«  m  m  4 

m  tg 

m  O  »  p 

m 

IN 

O' 

m 

o  m 

m 

o 

N 

O' 

o 

<0  O'  o 

00 

m 

N 

rg 

m 

rg 

00 

c 

o 

o 

oo  op 

O 

O 

p 

P  00 

00 

00 

Mig 

ig 

ni 

ig 

N 

ig 

M 

IN 

ni  M 

rg  M  rg  ig 

rg  ig 

NIM  *14  »4 

•irf 

*4 

p 

o 

p 

p  o 

P 

o 

e 

a4 

■4 

m 

m  m  m 

m 

m 

N 

o 

o 

p 

o 

a 

• 

• 

•  t  •  • 

f 

• 

• 

9  9 

9 

9 

•  • 

« 

t 

f 

« 

• 

f 

• 

« 

f  • 

f  «  •  f 

•  9 

•  •  •  • 

• 

• 

• 

• 

• 

•  • 

• 

9 

• 

• 

• 

• 

• 

•  »  • 

9 

• 

t 

f 

9 

• 

• 

Ui 

o 

o 

POOP 

p 

O 

e 

0 

0 

o 

o 

0 

0 

p 

o 

p 

e 

c 

O 

P 

O 

0 

0 

O  POP 

o  o 

POOP 

p 

P 

p 

o 

p 

0 

0 

P 

o 

o 

P 

o 

o 

o 

0 

0 

0 

o 

p 

P 

p 

P 

p 

o 

o 

p 

o 

r* 

p 

n- 

p  p 

P  rg  ^  O 

pm 

m  rg  m  P 

in 

o 

m 

p4 

m 

p  m 

m 

o 

P 

p4 

P  P  0- 

♦  «J« 

m 

P  N 

P 

o 

r». 

O 

rg 

m 

p 

m 

rg 

in 

«  p  •«  p 

P  o 

P  O'  m  p* 

m 

m 

m 

o 

m 

O  P 

m 

n- 

o 

rg  p  P 

e  O'  K 

p 

•0  » 

N 

p 

IN 

p# 

00 

p4 

p 

O' 

n* 

P 

P  h> 

P  N  S  P 

o  o 

p  p  p-  — 

m 

P 

m 

p 

p 

p  N 

p 

p 

p 

o 

O  o  O' 

O  O  O 

o 

P  o 

P 

p 

O 

p 

o 

r- 

n- 

m 

4 

m 

rg  p4 

mO  O  P 

O  o 

00  00  m  ^ 

*4 

00 

p4 

p4 

00  00 

P4 

p4 

pi# 

p4  P#  •< 

p#  p4  ^ 

rg 

N  00 

rg 

rg 

rg 

rg 

rg 

^  M  ^  «H  ^  ^  p4  vri  iiirt  «i4  p4  M  (NJ  «N  N  <M  fM  <M  M  fv  f*>  «0  «0  m  m  m 


a09‘O^N<*^4tf' 


A-31 


1 


OOOoOOOOOOOOOOOOOQOOOOOOOOOOOOPeOOOOOQOOOOOOOeOOQoJoOOOOOOoJ 


p«rsif*>i#^(r>tf>000pK^>Kr«««c«000tt00tt00p0P9kO'00pppPO»pppp0p90po*9‘p^P9‘9>PO'P9i 


QOOOOOOQPOPPOOOOPOOPOOOCOOOOOPPOPPOOO 


({poooooopooooooeopooooo 


9‘0tf^0•oPtf^•^•««PKMll^p«lr^0p••pppooooPoPPpPPPPPpPoooppoopeoopp 

04000f^P0«i^<#«OOr»OPO0APNPPOPPOPpPPOPPOOOOOOOOOOOOOOOOoPOOO 


OOfn||^9^>0'6000^-00«/l<#«nO^*OPO0APNPP 

OO0mMMNMMNNMN<MMNN<M*4  #4M<r0«N«OO 
OO 

o  o 

QO 


ISSOOOOOOPOOPOOPOPPQOOQOOOOOOOOO 

bOOOOOOeoPOOPOOPOOOOOpOPOPOOPOOO 

IPOPPOPPPPPOPPOPOOOOOOOOOPOOPPPP 


»  O  O  P  0  O  P 


OO^0h-^N^0NtfS^OOKN«ri*4ti»OKOOOOOOOQOOePPPPPP0PPOPPOOOPOOPPPOO0POO< 

ooootf^m^iN*«p4Opc0N<#0M^ptf^ePooeooeooooPoPpepppppPoooppooopooooPoo< 


-----'^‘■'‘'^2SS88§i8i88ig88ig8§g8888888888§i8g§§iisii 

ooeoooppopppppppppppppoppooeooppoopopo 

oooppopooopoppppppppppoooooopppoepoppa 


OONONpm0P*i«<#^•O^PO^•Pf^'#f^^^>*A(^00•O«OO•i«fWf<^m009'•4f^^i•#tf^lO0K^>000PPPPOOPOPP 
OOirAPpOpO^p^^MNNf^tNNm^  <V*<OP0«ID0PPP9‘PPPP  PPqPOPOo5POOPOOOP«^«4»«p4p^^.^ 


OO  o  o  o  o « 


«OOOOOOOOOOOOOPO| 


8 

r» 

.1  < 
XL 


#7  $$  $77  $$$$$77SSSSS  SSSSS 


inov>ovtou>ov'ooooooooooooooooooooooooooooooooooooooooocooooooooo 

o*ri•4NNfn(n#^tf>p^•«o'O*^Nm^(r0^•00o•^Nf*><#lr^<4^>0^ol^Otf>Qtf^oopooooooooooooooooo 


o«40NO0apP^^»entf>P^-f^o«4«^lr«^KMN0pP<^pN«p»fv^•p4M00f^^>.^e#omv^No•«M^*O0lf^ao•^^lA 

OOOl«)«(^«0(^Otf^•^^f<^•«^tf^N0N0f*'O‘fn«PO<Nm«^0NPOf^iO#^P^•<^•P0^O^>«^mP^J^ff>C*>««OQ 

OOOOOCOOOOp^»^^«N<MN«M(MN<V>f^NNryNMNf^NNNfMfM>4,.4««p4000eOOOep«>rim^tfMf\lAtfVmO(p4eOOO 

ooooooeooooooooooooooooooooooooooooooooooooooooooooooooooooJ 


NNO*^^*^pK^**NPP*^Pe'^■«^lro«o^ooK|^oP»•«mf*>f>N««9‘O'#rglr0tf\P9«0(n^.•^0N<^O'O^M^0«^‘0tf^' 

OO<oP«(MlAf»«pp4^f*^<#«^l|>«ni«>m0N*4^0f»9»O«'«Nf^#<#POrw«')^M>PK09‘9‘Oe«i«^p4^Mr«4N«NtM<>if<iiN 

oom9»OMN(v<v<v(^mrof'^i#>f^m^0NO«K«00irirs«000«00^r«^r^r»h»r»r^Nr»00CO0P««O0«O0ao 

oo«««^NO<NrSfvrs.iMf^rg<voj(v(vcNrJfyrg(v«4«4*4p4«4«rtpi«*4P«»44p«p4p4*rt«rf^p4p4^p4»i2*rt»44a4M*NpM4»^p4*4^p4^prip^ 


A-32 


PAPAPILIC  flamf  assumfo 


O 

o 

M 

u> 

rn 

O'  o 

fVJ 

o 

t  o 

o 

t 

o 

0^  • 

• 

O 

o 

00 

o 

<o 

m 

N' 

M 

O  II 

• 

Cs? 

H 

o 

1 

o  & 

M 

>•  II 

o  -< 

t- 

o 

II 

«  K 

II 

m  •• 

V)  » 

•  z 

M 

z 

H 

o  c 

UJ 

Ul  ^ 

< 

u 

> 

lil 

c  o 

Ui 

< 

UJ 

X 

Z 

H  H 

M 

• 

tt 

a 

< 

Q  ►- 

t- 

X 

u 

Mao 

X 

o 

X  a  rn 

UJ 

O  * 

H 

<  o 

• 

00 

< 

o 

00 

1 

• 

A-  H 

00 

II 

•  1- 

4 

o 

o  < 

o  a 

Ai 

c 

(M  O 

9 

O 

Oj 

• 

a 

o 

0  K 

O 

o  • 

o 

•  II  »/) 

H  a 

• 

O 

<M  Ui 

o 

^  M 

•  C 

JS  Q 

o  a 

o 

M  a 

II 

/•k 

w 

II 

o 

u 

c 

>  c 

o 

II 

H 

• 

W.  X 

3C 

U) 

M 

—  o 

C 

li.  6l  M 

o 

UI 

«/)  Ifl 

a 

4  0  0 

o 

u 

z  • 

4 

4 

VO 

U  O 

C 

a 

M 

o  M 

O  ^ 

o 

o 

• 

tfk  fO 

M 

u 

a  a 

AU  AU 

v> 

K 

o 

u; 

UJ  <M  It 

u. 

•  t 

«, 

4 

z 

ot 

c/) 

o  o 

M 

a 

•  CO 

o 

U 

u 

cc 

V. 

Z  (M  ►- 

4 

c 

u 

CJ 

z 

M  < 

vr  H 

O  II  II 

z 

kx4 

03  o 

M  • 

to 

o 

e 

f.u 

11 

o 

« 

<0  u.  a 

'jj 

a 

I- 

< 

C 

Au  a  X 

w 

u 

M  VO 

1— 

u» 

c 

V 

<  II 

o 

.  • 

M 

o 

c 

< 

z  z 

• 

lU 

u 

•  o 

z 

u. 

II  O  C' 

a 

IL' 

o  uj  c 

o  c 

O  O 

o  c 

Ag 

a 

tf  CO 

Z  M 

UJ 

X 

•  o 

VO 

n 

V 

W  O 

M  X 

h- 

a  H  H 

o  o 

VO 

r 

u.  o 

Z  n 

< 

or  a 

O  fo 

VO 

u 

o 

o  • 

o:  a 

« 

U! 

4  • 

M 

a 

II  •  o 

3 

M  O 

& 

o  o 

cc 

c 

a 

•  o 

z 

o  o 

4 

4 

Q  -4 

u 

< 

o  o 

II  II 

u 

W 

M  II 

z 

IT  O) 

UI 

►- 

M 

lO 

<r 

X  o 

< 

«/1 

•  • 

a  a  H 

lO 

u 

(/>  c  >•  • 

o 

UJ 

•  i-l 

<  X  u 

-j 

o 

a 

00 

M  ►-  IT  II 

z  • 

M 

o 

U.  4 

4 

u 

a. 

a 

h-  M 

c  o 

C! 

O  II  II 

V)  H  U. 

u 

<  Z  to  X 

M  O' 

QV 

o 

UI 

H- 

M 

>-  u.  Z  -r 

M 

Uj 

m  u  a. 

M  X  H 

c 

<  u  a;  or 

M 

z 

-*  a  I 

H  X 

z 

C  C  Cl  II  < 

z 

Uj 

b.  U. 

a 

^  ■  0 

O  II 

.  • 

oi  r 

u 

VO 

t/v 

Ha  •  _j 

M 

z 

cr  a 

a  •  ^ 

►- 

u 

u 

x: 

Z  a  vj  a. 

z 

c 

II  UJ  UJ 

o  c  u. 

z 

u 

4  *  u  U. 

a  e 

M 

C  C 

cr  .. 

4 

u 

a 

<1 

_jHau.M 

UJ  M 

H- 

U.  u.  a 

a  X  > 

-J 

z 

^  3t  a  c  o 

NJ  U 

4 

u  C  c 

C  < 

UJ 

UJ 

M 

> 

a. 

u. 

z 

a 

s 

X 

a 

c 

c 

M 

H 

4 

o 

a 

a 

X 

O 

a 

X 

a 

Cj 

4 

u. 

Uj 

i' 


'C  O  ^  N 
</>  0"  O  ■>»■  ® 

f»'  If  C  f*!  JA 
O  O  O  ^  -H 

•  •  t  t  * 

o  o  o  o  c 


ou^r'irr- 

Oi>-i00O«S- 
C5  (T  rvj  ^  o 

fv#  r''  IT. 

t  •  •  t  t 

O  C  o  c  o 


«t  O  «Ni  O 

•  •  •  •  • 

«N  IT  l/>  p 

—  <Vi 


C  vt  «*•  •9'  C 

o  IT  rvi  o 

•  •  •  «  « 

rr,  «c  c 

-4  fv,l 


! 

( 

I 


A-33 


35. 4C  520-4  0,7357 

63.40  *?32.0  1.0400  0,4C55 

112.40  1652.3  1-4836  0.5860 

200.00  2940.0  2.  1296  0.9384 


k 

I. 

f 


c 


I 


t 

5 

I 


I 

I 

Appendix  B 

HYDRAULIC  ANALOGY 


The  analogy  between  one-dimensional,  nonsteady  flows  of  inviscid 
gases  and  inviscid  liquids  with  free  surfaces  and  between  two-dimensional, 
steady  flows  of  inviscid  gases  and  inviscid  liquids  with  free  surfaces  is  well 
documented  in  the  literature^^^).  As  one  might  expect  in  this  situation,  the 
analogy  also  extends  to  two-dimensional,  nonsteady  flows.  However,  although 
this  analogy  has  been  exploited  in  several  studies,  no  explicit  derivation 
of  the  analogy  for  the  nonsteady,  two-dimensional  situation  has  apparently 
been  presented?  The  object  of  this  appendix  is  to  present  a  derivation  for 
this  situation. 

For  nonsteady,  two-dimensional,  irrotational  flow  of  a  perfect  gas  the 
governing  equations  are^^^^ 


-1 


^P/^t  +  ^Pu/^x  +  ^Pv/^y  =  0 
Su/^t  +  u  x  +  V  ^u/5y  +  D  ^  ^p/^x  =  0 

^v/^t  +  u  ^v/^  X  +  V  ^v/Sy  +  P  ^  ^p/^y  =  0 

P/P„  = 


(B-1) 

(B-2) 

(B-3) 

(B-4) 


Employing  a^,  p^,  1  ,  tg  as  reference  dimensions  and  Eq.  B-4 

nate  Ofrom  Eqs.  B-2  ana  B-3  yields  the  non-dimensional  equations 

(B-5) 


to  elimi- 


Eqs.  B-2  ana  B-3  yields  the  non-dimensional  equati 
^p^  u^  /9x'*’  +  v^/ 3y^  +  (1  / (a  t  )J  Sp'*’/ 

“  cx  o  or 


g  o  g 


[lg/(aot^]^u  /^t  +  u  ^u^/^x^  +  v^  ^u^/Sy^ 


y  -1  , 

+  [S(p'^)  y  /ax^]/(y-i)  =  0  (b-6) 


[l„/(a  t  )]  Sv^/^t^  +  u^  +  v^  ®  v^/^y^ 

o  O  o 


y-1 

+  y  /®y^]/(y-i)=o 


(B-7) 


A  three  dimensional,  nonsteady  flow  of  inviscid  liquid  over  a  planar 
surface  perpendicular  to  the  gravity  vector  g  is  governed  by  the  equations 


Loh 


(23) 


indicates  in  a  footnote  that  the  analogy  extends  to  this  case. 

B-1 


9u/3x  +  Sv/3y+  3w/^z  =  0 

(B-8) 

Du/Dt  +  P'^  Sp/^x  =  0 

(B-9) 

D^/Dt  +  P’^  ^p/Sy  =  0 

(B-10) 

Dw/Dj.  +  P'^  3p/Sz  +  g  =  0 

(B-11) 

Assuming  that  vertical  water  accelerations  are 
becomes 

small  compared  to  g  Eq 

Sp/^z  =  -Pg 

(B-12) 

Integration  yields 

z 

p(x,  y,  z,  t)  =  Pg  ^  dz  +  p  (x,  y,  h,  t)  (B-13) 

h 

where  h(x,  y,t)  is  the  depth  of  the  water.  However,  since  only  pressure 
differences  are  encountered  in  Eq.  (B-9)  to  (B-11)  and  since  p(x,  y,  h,  t)  = 
constant,  that  constant  can  be  set  to  zero  without  loss  of  generality.  Conse¬ 
quently, 

p  (x,  y,  z,  t)  =  P  g  (h-z)  (B-14) 

and 

P  ^  5p/3x  =  g  ^h/^x  (B-15) 

P  ^  ^p/^y  g  ^h/^y  (B-16) 

Analysis  is  directed  at  inviscid  motion.  Assunie  u=u(x,  y,  t)  and  v=  v(x,  y,  t). 
Therefore,  terms  containing  w  are  eliminated  from  Eqs.  (B-9)  and  (B-10). 
However,  since  w  =w(z),^w/5z  ^  0,  Formally  integrating  Eq.  (B-8)  from 
z=0  to  z=h  yields  (after  application  of  Liebnitz's  rule^^^^)and  the  above 
assumption 

^hu/^x  +  ^hv/^y  +  w(x,  y,  h,  t)  =  u(x,  y,  h,  t)  ^h/^x  +  v  (x,  y,  h,  t)  Sh/^y  (B-  17) 

Since  w  (x,  y,  h,  t)  =  ^h/^t  +  u  (x,  y,  h,  t)  ^h/^x  +  v  (x,  y,  h,  t)  ^/^y,  Eq.  (B-17) 
becomes 

^h/^t  +  5hu/^x  +  <'hv/Sy  =  0  (B-18) 

Nondimensionalizing  Eqs.  B-9,  B-10,  and  B-18  with  reference  dimensions 
hQ,  ghg,  1^,  and  t^  yields  the  non-dimensional  hydraulic  equations 


B-2 


(B-19) 


+  [1  / (Vgh*  t  )]  =  0 

w  >'  o  w 

[l^/(^gh^  1^)]  +  v^  ^u^/5y  +  =0  (B-20) 

[l^/(^ghjj  1^)]  /^t^  +  u^  y^  +  =0  (B-21) 

Comparison  of  Eqs.  (B-5)  to  (B-7)  with  Eqs,  (B-19)  to  (B-Zl)  shows  that 
when  y-1  and  l^J(^fgh^  t^)  =  lg/{aQtg)  the  non-dimensional  equations  are 
equivalent  if  h+  =  P+,  Consequently,  under  these  conditions  an  analogy  exists 
between  the  gas  and  free  surface  liquid  flows.  In  this  analogy 

h'*'  [or  p'*’  =  (h'*')^],  a  =•^7^  =  P^uJ'  =  Ug"^,  and  vt,  =  Vg.  For 

conditions  where  0  (1^)  ~  0(lg),  0(tw)  ^  0  (tg ).  In  other  words,  time  is 
effectively  slowed  in  the  analogy.  This  means  that  transient  phenomena  can 
often  be  studied  visually  in  the  hydraulic  analogy.  It  is  this  fact  that  makes 
the  analogy  valuable  for  nonsteady  situations. 

It  has  been  shown  that  an  analogy  exists  between  irrotational  flow  of 
gas  with  y=2  and  irrotational  flow  of  liquid  over  a  horizontal  surface.  Flows 
in  nature  are  not  irrotational.  Therefore,  of  what  practical  value  is  this 
analogy?  First,  numerous  experiments have  demonstrated  excellent 
agreement  with  theory  for  simple  flows.  Second,  there  seems  to  be  no 
question  that  the  analogy  provides  a  relatively  simple  way  to  obtain  informa¬ 
tion  on  complex  flow  situations.^^^^ 
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